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METRIC  CONVERSION  TABLE 
(International  Syttem  of  Units) 


1 foot 

* 0.3  meter  <m) 

1 inch 

* 2.5  centimeter  (cm) 

1 kip 

= 4,448.2  Newton  (N) 

1 knot 

» 0.5  meter  per  second  (m/s) 

1 mile 

» 1.6  kilometer  (km) 

1 pound 

* 0.4  kilogram  (kg) 

1 psi 

» 6.9  kilopascal  (kPa) 

1 flug/ft^ 

» 515.4  kilo^aro  per  meter^  (kg/m^) 

1 ton 

» 907.2  kilogram  (kg) 

Temperature,  ®C 

= (®F-32)/l.8 
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SEACON  II  is  a major  undersea  construction  experiment  whose  major  goal  was  the 
measurement  of  a complex,  three-dimensional  cable  structure's  steady-state  response  to 
ocean  currents,  and  the  use  of  thex  measurements  to  validate  analytical  design  models. 

A secondary  goal  was  to  provide  a demonstration  and  critical  evaluation  of  recent  devel- 
opments in  ocean  engineering  technology  required  to  site,  design,  implant,  and  operate  — 
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large,  fixed  subsea  cable  structures.  The  SEACON  II  structure  consisted  of  a delta-shaped 
module  tethered  by  three  mooring  legs  in  2,900  feet  of  water.  The  top  of  the  structure 
was  positioned  approximately  500  feet  below  the  surface.  The  mooring  legs  were  4,080 
feet  long,  with  each  arm  of  the  delta  1,000  feet  long.  Experimental  explosive  anchors 
embedded  two  of  the  legs,  while  a 12,500-pound  clump  anchor  containing  a radioisotope 
thermoelectric  generator  held  the  third  leg.  The  entire  structure  was  heavily  instrumented 
in  order  to  collect  current  profile  data  and  position  data. 

These  data  were  used  to  validate  the  computer  program  DESADE.  It  was  found  that 
the  program  is  capable  of  predicting  the  steady-state  response  of  complex,  submerged  cable 
systems  if  the  drag  coefficient  for  the  cables  and  the  current  regime  are  properly  modeled, 
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CHAPTER  1 
INTRODUCTION 


»• 


OBJECTIVE 

The  Navy  Seafloor  Construction  Experiment 
(Sl'iACON)  program  supports  the  Navy's  requirement 
for  the  development  and  evaluation  of  technologv'  for 
V instructing  undersea  installations.  It  is  part  of  the 
Deep  Ocean  Technology  (IX)T)  Project  sponsored  by 
the  Navy  l■aeilitics  Engineering  Command  (NAV- 
FAC). 

SEACON  II  is  the  second  in  a scries  of  major 
undersea  construction  experiments  managed  by  the 
Naty's  (.'ivil  Engineering  Laboratory  (CEL).  The 
primary  goal  of  this  experiment  was  the  measurement 
of  a complex,  three-dimensional  cable  structure’s 
steady-stare  response  to  ocean  currents,  and  the  use 
of  these  measurements  to  validate  analytical  design 
models.  A secondary  goal  was  to  provide  a demon- 
stration and  critical  evaluation  of  recent  develop- 
ments in  <Kcan  engineering  technology  required  to 
site,  design,  implant,  and  operate  laigc,  fixed  subsea 
cable  structures. 


BACKGROUND 

.Muliimoored  cable  structures  are  an  efficient 
means  for  providing  stable  platforms  for  7 variety  of 
instruments  in  the  deep  ocean.  Attempts  nave  i>cen 
made  to  install  and  evaluate  the  engineering  perfor- 
mance of  such  structures  on  several  occasions  over 
the  past  decade.  Little  quantitative  stnietural 
response  data  have  lieen  obtained.  During  this  same 
period  numerous  analytical  mmlels  have  been 
developed  to  analyze  the  steady-state  liehavior  of 
mooretl  cable  systems.  These  models  attempt  t«> 
predict  the  tensions  in  the  cables  and  the  getimeirv'  of 
the  moonngs  acted  upon  iiy  steady-state  <Kcan 
currents.  None  of  these  models  yield  exact  solutions 
lK’e.iuse  of  ihc  a.ssiimpi ions  made  regarding  siixiciural 


properties  and  hydrodynamic  loading  criteria  and 
because  ol  the  errors  inherent  in  the  computational 
techniques.  Because  little  experimental  data  exist  to 
validate  models,  precise  validation  data  are  needed  to 
quantify  the  errors  associated  with  the  various  tech- 
niques |1-1| . 

,\PPROACH 

The  SEACON  II  structure  (Figure  1-1)  was 
designed  and  built  primarily  to  satisfy  this  need  tor 
data  on  the  steady-state  response  of  a complex  cable 
structure  to  ocean  currents.  A trimoor  configuration 
was  selected  to  provide  a complex,  statically 
indeterminate  structure  for  evaluating  comprehensive 
steady-state  analytical  models.  One  of  the  analytical 
models  was  K-lectcd  for  designing  the  structure  and 
for  making  predictions  of  the  structure's  response  to 
the  expected  range  of  cuirents  at  the  implant  site. 
The  structure  size  and  impbn:  depth  were  sel-ected  to 
provide  a challenging  implant  exercise  and  to  alloH 
reliable  extrapolation  of  the  validation  data  to  the 
size  of  structure  that  might  be  designed  for  the 
deepest  kwationv  in  the  ocean.  An  instrumentation 
system  was  designed  to  meet  the  structure's  predicted 
response  and  the  level  of  validation  desiied. 

Tl  e structure  was  built,  installed,  and  maintained 
m the  ocean  for  22  months,  from  August  1974  to 
,\Liy  1976.  Dunng  the  implantment  period  current 
profih-s  and  corresponding  structure  response  were 
measured.  The  structure  v»-as  then  recovered  to  permit 
visual  examination  of  its  condition  and  to  perform 
tests  on  Its  components. 

This  report  describes  the  design  of  the  system  and 
Its  implantment  and  performance.  The  results  «>f  the 
structure's  response  to  iK-ean  current;  are  presented 
along  with  a preliminary  analysis  of  these  results 
relalive  to  amjytical  predictions. 


l-igurc  1-1.  Arti!5t'<  view  <>.*■  implanted  SI;AC;0N  II  sirueture. 
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CHAPTKR  2 
:>ITE  INVESTIGATION 


SECTION  I - SITE  CRITERIA  SECTION  2 - SITE  SURVEY 


1 his  chapter  ijcscribcs  and  evaluates  the  SEACON 
II  site  selection  and  investigation  effort  conducted  In* 
CEi.  off  the  coast  of  Southern  California.  Prior  to 
conducting  any  site  survey  operations,  a listing  <.f 
critical  environmental  fact<»rs  |2-1|  was  consulted, 
and  the  following  site  criteria  were  established; 

• Water  depth  must  be  Iwtwcen  2,000  and  6,000 
feet  to  allow  for  the  installation  of  a large 
enough  structure  so  that  results  can  Ihi 
confidently  extrapolated  to  structures  in  water 
depths  of  IS.tMKi  to  20,(KK>  feet.  This  depth 
range  would  also  be  sufficient  to  locate  the 
instrumented  "delta"  below  the  /one  of 
significant  surface  effects. 

• Ocean  currents  must  Iw  as  t-.igh  as  15  cm/sec  a 
significant  period  of  the  time  at  500  feet  and 
must  reach  down  to  the  bottom.  .Maximum 
currents  at  500  feet  and  below  should  not 
exceed  5(f  cm/sec.  Currents  that  change  signifi- 
cantly  in  magnitude  and  dtrection  are  a 
requirement. 

• The  site  must  Ik-  within  4tJ  m.les  of  Pon 
llucneme  to  permit  use  of  <;EI.'s  warping  tug 
and  diving  Iniats  to  conduct  the  sea  opcritions. 

• The  site  must  base  a rclatiscU  large  area  (2-mile 
diameter)  of  nearly  constant  liepth  (t20  feet). 

• The  site  must  Iw  hvated  owt»ide  shipping  lane*, 
submarine  lanes,  ranges,  trawler  fishing 
grounds,  or  other  locations  with  significant 
operational  constraints. 

• I he  site  should  have  a sea  state  levs  than  5 more 
than  50^  of  the  time  year  round. 

• I he  site  must  have  at  leas'  5tl  feet  of  unconvih- 
dated  H'dinieni  cover  to  permit  use  of  deep 
ocian  cmiH’dment  ar.ihors  wtth  sediiiwnt 
flukes 


PRELIMINARY  SURVEY 

l•■i^•e  potential  sites  for  a preliminary  survey 
operation  were  chosen  from  literature  search  and 
loni  U.S.  Coast  and  Geodetic  Survey  bathymetric 
fi.trts.  The  site  criteria  guidelines  described  above 
were  applied  to  the  extent  possible  in  selecting  the 
five  sites  of  interest  shown  in  h'lgure  2-1. 

The  preliminary  site  survey  operation  was  con- 
ducted from  the  T-ACOR  15,  t’.V.V.V  K,irili-tt,  a U.S. 
Navy  tK'eanographic  vessel,  from  2 to  H June  1972. 
The  survey  consisted  of  II)  bottom  core  sampling,  (2) 
salinity,  temperature,  and  dissolved  oxygen  profiling, 
and  (3)  bottom  and  subbtittom  profiling.  Current 
nwasurements  were  not  made  during  this  cruise  due 
to  lack  of  ship  time  and  equipment. 

At  the  time  of  this  cruise,  a 6.(KX)-foot  depth  for 
the  SKA(;0N  II  site  was  favored  in  order  to  provide  a 
serious  challenge  to  three-dimensional  array  con- 
struction technology.  Sites  1 and  5 in  the  Santa  tiru/ 
and  San  (lemente  Basin,  respectively,  were  the  only 
two  6,(NH)-fiH>t  sites  initially  considered.  The  San 
tllemente  Basin  site  did  not  nwet  the  -W-mile-from- 
Port-llucnenic  range  requirement,  but  it  was  located 
near  the  Navy  facility  at  San  Clemente  Island  which 
could  lie  used  as  a base  of  operations. 

In  Septeniher  1972  CKl.  and  NAVI- AC  personnel 
diM.'usvd  SI-.ACON  II  objectives  and  site  selection  in 
!!}-!i;  of  revised  project  goals.  It  was  decuied  that 
collecting  performance  data  for  validating  analytical 
moik'ls  tor  ilesigi,  of  underwater  cable  arrays  would 
be  the  primary  goal  Arr.iv  construction  technology 
development  was  a v-condary  goal,  which  reduced  the 
need  t\»r  the  extra  cost  and  nsk  of  going  to.  a depth  of 
fi.iMN)  feet  with  the  experiments  if  asuitablcsitc.it  a 
shallower  depth  could  Ik-  Imind.  With  this  change  in 
emphasis,  the  three  sites  with  depths  ranging  from 
almut  2.IMIO  to  3.ttlH»  feet  two  south  of  Santa  Cru/ 
Island  and  t*nc  m the  Sant.i  Monica  basin  liecamt 
•a-rioiis  loniemlcrs 


3 


f*!.  Conception 


I^s  Angeles 


site  1 


Site  l.ocsiiuns 
(use  these  data  fof  plotting) 

1.  JJ"46  N.  1 19"35'W 

2.  3i"5J'N.  1I9"S«‘W 

3.  33‘*56'N.  II9‘’33‘W 

4.  33"47'N.  1 !9‘=tK)'W 
$.  32‘-'3t>X  !1K"10'W 


l igurc  2-1.  I'dtcnii.il  SI.ACON  II  Mtes  Mincycil  tiurmg  2 to  8 June  1972  cruise. 


Data  taken  at  each  of  these  sites  were  e.\ainine«l 
ssith  the  folhiwinp  results.  The  priifiles  from  the  two 
Santa  (iru/  Island  locations  showed  no  flat.  Ics’cl  site 
of  sufficient  si/e  m nx-et  the  criteria.  Iloweser.  the 
Santa  .Monica  Basin  had  vers-  large,  flat,  nearly  Ic\el 
areas  with  water  depths  ranging  to  3.0t)t»  feet. 
.\nother  l.ietot  which  weighed  heavily  in  the 
deusion-niaking  was  that  lioth  Santa  Cru/  Island  sues 
ssere  l«K-ated  within  the  I’acifie  .Missile  Kange.  .in 
tindesiralile  operational  eonstr.iint  .\  sunahlc  Santa 
Monica  Basin  site,  howeser.  could  lx-  found  just 
iUitside  thr  range  lioundary. 

IIKTAII.KDSIIKVKV 

Despite  mam  tasorahle  factors  some  uneasiness 
cMsted  regarding  election  of  the  Santa  .Monica  B.isin 
site.  Of  greatest  concern  was  that  no  measured 
current  data,  escepi  lor  surface  currents,  were  Imind 
in  the  literature.  Other  site  criteria  cs-uld  l*e  com- 
promised. Inn  lo  meet  the  rei|uirement  that  the 
siriictiire  he  dispi.ued  i significant  amount.  m» 
compromise  could  l>e  made  in  the  recjiiired  current 


regime.  Therefore,  determining  currents  at  the  site 
iK-cM'iie  first  pnoritv  in  the  site  survey  effort. 

Ocean  Cunrents 

Compiling  information  on  ocean  currents 
proceeded  simultaneouslv  on  two  fronts.  The  ()\R 
i.iaison  Officer.  .Monteres’.  California,  was  lequested 
to  provide  CM.  with  sear-round  predicted  currents  at 
the  Santa  .Monica  Basin  site  Coneurrentiv . CM. 
Ix'gan  preparations  to  make  eurtent  mcastirements.it 
the  site. 

’Ihe  following  information  |2-2|  was  received 
from  the  ()\K  I.iaison  Officer  f«ir  the  location 
.3.3*’5tf'N.  I l9'’tH)’\V  in  late  Octoixr  1972 

'The  iH-rmancnt  current  Iwlow  200  meter 
depth  IS  towards  the  norfitwest  vear 
around.  During  the  summer,  the  average 
speed  vanes  Ixtween  15  and  18  em'sec. 
vDicreas  m the  winter  the  average  speed 
IS.  in  general,  less  than  to  cm  sec  In  this 
liMation  the  permanent  current  reaches 
near  the  hottom.  hut  decreases  m the 
verv  hottom  lav  ers  due  to  friction  The 
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maumum  titiai  currents  arc  9 to  12 
cm/scc.  The  axis  ot  the  tuJal  current 
ellipse  IS  orienled  to  1 10  degrees  to  280 
ilegrces.'' 

this  prediction  indicated  the  summer  currents 
uiitdd  certainis  Ik-  ot  high  enough  magnitude  and 
Mould  change  sult'iciently  m magnitude  and  direction 
as  the  iidal  currents  add  and  subtract  from  the 
perinanem  curieni  to  meet  the  siting  specifications. 
I he  data  lor  the  u inter  curients  were  marginal,  hose- 
c\er  uhen  the  permanent  and  tida!  cxirrents  were 
■idded.  the  resulting  \el<H.'ity  just  reached  15  cm/sec. 

A current  measurement  cruise  was  conducted  on 
29  lo  Jo  Soiemher  1972  aboard  the  t'.V.V.V 
I he  cruise  had  two  phases  to  it.  collection  of  real 
nine  data  and  iniplantmeni  of  a current  meter  moor 
first,  a single-point  moor  (figure  2-2)  with  a current 
meter  and  a (XH  I)  (current,  conductivitiv,  tempeia- 
ture,  and  depth)  nietei  was  to  lie  installed  500  feet 
IteloM  the  surface.  This  was  to  he  a taut  moor  with  a 
sulisurface  buoy  and  a surface  spar  bu<i\-.  When  the 
ileplosineni  was  nearly  completed,  it  was  found  that 
the  moor  was  alniut  150  leet  tmi  long.  Since  it  would 
Ik-  dilticuli  to  recoser  the  moor  with  the  (SV.S 
li.irilrii.  It  was  decided  U»  use  the  subsurface  buov  as 
a surface  float,  collect  data  for  2 or  J days,  anit  then 
recoser  the  miMir  with  another  vessel  liefore  the 
surlacc  buos  parted  or  was  cut  loose. 

1 nfortunatels . foul  weather  delayed  a recosers 
aiieiiipt  until  8 das  s alter  implant,  and.  esen  then, 
white  caps  and  S-to-b-liMit  seas  made  an  organised 
search  pattern  impossible.  ’I he  surface  buoy  was  not 
liH.-.ted.  Ilie  next  opporiuniis  to  H-areh  ssas  2 weeks 
alter  impl.ini.  .Mier  an  exiensne  seareli  effort  faileil 
lo  IcHMte  the  surface  Inioy.  signals  were  transnniied 
lo  trigger  the  explosise  release;  no  buoy  surfaced. 
I’roluhf.  the  huos  sunk  or  broke  l««»se.  resulting  m 
the  moor  laying  on  ihehoiiom. 

Dll'-  to  the  importance  of  the  data,  the  Deep 
Siilimersible  X'clmle  (DSN’I  I unit-  was  engaged  from 
Siiliiitersihle  Dcsclopmeni  (.roup  One  ISl-BDI  VtiKT 
D to  search  for  the  moor.  On  U>  Januarv-  1973  DSV 
/;"■;/(  dose  lo  the  boiiotn.  hut  deteriorating  su-aiher 
toned  her  return  to  the  surface  without  conducting  a 
searih  On  9 feliru.irs  197J  OSV  f art  If  again  dose, 
and  this  tune  n londucied  a 4hour  H-areh.  e.istrmg 
the  area  shossn  m figure  2-3.  No  moor  ssas  located, 
and  the  sears h ssas  alianiloned. 


figure  2-2.  Current  meter  moor  for  sletailed 
site  sunev. 


5.  Sc^ri'Ii  p.u!i'm  iiMiiliu  i«’ii  !>\  iimiou  il  vi!>i:htmIiV  tor  Imt  current  nu  trr  r.HMir 
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The  second  phase  of  this  curr.;nt  meter  cmise  on 
29  to  30  November  1972  involved  anchoring  the 
USNS  Bartlett  and  lowering  a sell -recording  Hydro- 
products  Model  505  current  meter  and  a Hydropro- 
ducts current  speed  sensor  (Figure  2-4)  with  a deck 
readout  to  provide  an  immediate  indication  of 
current  profile  for  the  area.  During  one  profiling  the 
eurrehts  ranged  from  a low  of  about  2 em/see  to  a 
high  of  about  15  cm/sec  (Figure  2-5).  These  data 
were  eonfirmed  by  the  tape  on  the  self-recording 
■nieter  after  it  was  rceovered. 

The  meager  data  collected  on  this  first  cunent 
meter  cruise  were  insufficient  to  make  a final  site 
scleetion  decision.  Instead,  preparations  began  for 
another  current  meter  cruise.  This  second  implant 
was  made  on  9 May  1973  with  two  meters:  one  at 
550  feet,  and  the  other  at  1,050  feet  in  2,890  feer  of 
water.  Figure  2-6  shows  the  moor  configuration. 
Several  significant  changes  were  made  in  design  and 
procedures  from  the  first  moor.  Most  importantly, 
backup  buoyancy  was  included  so  that  failure  of  one 
buoy  would  not  prevent  recovery  of  the  moor.  Also, 
the  buoyancy  elements  were  pressure-tested  before 
use.  .At  the  start  of  implant,  the  acoustic  anchor 
release  was  lowered  with  a dummy  anchor  at  the  site 
and  tested  to  insure  it  operated  properly.  A final 
important  difference  from  tlic  first  implant  was  the 
implant  vessel  and  hardware.  The  CIvL  Warping  Tug 
was  used,  and  implant  equipment  was  operated  by 
CEL  riggers,  which  resulted  in  a smoothly  run 
impkint  operation. 

"Thi  Second  implant  was  followed  by  two  more 
tha:  differed  ojily  in  that  four  meters  were  installed 
on  the  third  moor-'artd 'three  meters  on  the  fourth 
moor.  Thc.se  moors  provided  data  from  9 May  1973 
through  13  September  1973,  which  covered  the 
period  of  highest  expected  currents. 

Table  2-1  provides  a summary  of  the  four  current 
moor  implants.  Although  modifying  the  implant 
techniques  after  the  first  implant  resulted  in  a perfect 
recovery  record  for  the  next  three  moors,  the  data 
recovery  rate  was  low;  only  five  of  the  nine  meters 
installed  recorded  good  quality  data.  Fortunately, 
however,  datf  were  cofAistcntly  obtained  at  approxi- 
mately 500  feet,  where  the  current  would  exert  the 
largest  drag  effect  on  the  structure.  Figures  2-7,  2-8, 
and  2-9  present  the  current  data  collected  almost 
continuou,sly  from  M,ay  to  September  1973  in  the 


Figure  2-4.  Equipment  configuration  for  current 
profiling. 
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/45-ft-long  spar  buoy 
45  ft  of  1/4-in.  6x19 
IWRC  strap 
38-in.-diam  aluminum 
buoy,  painted  white  and 
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■ IWRC  galvanized  wire 
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Geodync  current  meter 


^ f 


Figure  2-5.  Current  profiling  with  direet-reading 
current  vclocimeter. 


500-foot  vicinity.  It  is  evident  from  the  velocity 
histograms  that,  as  the  summer  progresses,  higher 
velocity  readings  are  more  frequent.  In  late  spring 
only  about  1%  of  the  readings  is  over  0.3  knot  (about 
15  cm/sec).  By  late  summer  the  velocity  readings  in 
excess  of  0.3  knot  are  up  to  about  10%.  Note  that  as 
more  higher  currents  become  more  frequent,  the  pre- 
dominant direction  shifts  toward  the  north.  This  shift 
appears  to  verify  at  least  qualitatively  the  predicted 
current  data.  As  the  permanent  current  increases  in 
velocity,  its  direction,  which  has  a larger  northerly 
component  than  the  tidal  current,  begins  to  dominate 
the  resultant  direction  of  the  current. 

The  greatest  significance  of  the  data  from  the  site 
selection  and  investigation  standpoint  was  that 
currents  in  excess  of  15  cni/sec  were  found  to  occur  a 
significant  percentage  of  the  time.  The  currents,  .^s 
predicted,  reached  deeply.  Readings  taken  at  1,050 
feet  showed  the  same  velocity  and  direction  patterns 
as  those  at  500  feet.  The  currents  varied  significantly 
in  vclociiy  and  direction,  decreasing  to  near  zero  at 
times  and  changing  direction  often  as  much  as  120 
degrees.  Based  on  these  results,  it  was  decided  that 
the  Santa  Monica  Basin  site  provided  a suitable 
current  environment  for  the  SHACON  II  experiment. 


J.770  ft  of  t /4-in.  6x19 
IWRC  galvanized  wire  rope 


38-in.-diam  aluminum 
' backup  buoy,  painted 
white  and  yellow 

62  ft  of  3/8-in.  6x19 
* IWRC  galvanized  wire 
rope 


transponder  with 
acoustic  release 

3 ft  of  3/8-in.  6x19  IWRC 
galvanized  wire  rope 


Figure  2-6.  Modified  moor  configuration  witi 
backup  buoyancy. 
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Tiiblc  2-1 . Suinimr)’  of  Current  Moor  Investigation  at  SKACON  II  Site 


l.oeation 

Date 

Installed 

1"  ■■■■ 

1 

Date 

Recovered 

1 

No.  of 
Meters 

No.  of 
Meters 
WorkecT' 

3 3<>44'48"N 
1 19‘’03'1«"W 

29  Nov  72 

2 

33<>44'40".\ 

1 1</'03'23"W 

9 May  73 

7 jun  73 

2 

33'M4'29"\ 

1 l9'>()3'Oo"W 

7 Jun  73 

3 jul  73 

-f 

2 

33»44'30'  N 
1 19'’()3'30"W 

3Jul73  . 

13  Sep  75 

3 

i 

1 

Remarks 


Moor  not  reco\ereil. 

Routine  recovers-, 
gooil  (|u.ilit\  il.ita 

Routine  retoiers . 

I VO  borimveii 
meters  malfui'e- 
tioned . not  ills- 
eotered  until  ii.it. i 
reilueecl.  so 
reinstalletl 

Routine  reioiers 
.same  borrowed 
meters  malfune- 
turned. 


'*45"o  ( 5 out  of  1 1 ) of  |t«)se  imiers  iiisulletl  worki-il. 


Water  Column 

Water  eoluiiin  data  were  needed  to  (1)  design  the 
aeons; is  position  measuring  etpiipment.  (2)  reduee 
the  bathometer  records  for  making  an  .accurate  topo- 
graphu  iliart.  (3)  der.'te  the  batteries.  (4)  determine 
the  corrosion  environment  so  that  the  cathodic  pro- 
tection svsteni  could  be  properK  designed.  (5)  deter- 
mine accurate  iii-watijr  weights  anil  buoyancies  of 
structural  elements.  (6)  assess  the  marine  fouling 
emironment.  and  (7)  make  numerous  other  deter- 
minations 'I  he  basic  |).uamefers  measured  were 
saiiiiits.  temperalure.  and  dissohed  owgen  \ersiis 
deptli.  These  properties  were  essential  lor  deter- 
mining other  parameters  such  as  water  densite  and 
sound  lelocitc  proliles. 

The  salinit)  .^temperature,  and  dissoUcd  owgen 
pioliles  were  obtained  ni  the  Santa  Monica  Hasin  site 
on  5 June  1V72.  The  piofiling  s\siem  aboard  the 
support  cessel.  / SVS  If.iillrii.  was  iisc-d  Data  were 
recorded  on  punched  paper  tape  aiu!  processed  after 
the  cruise  .it  CM  I igure  2 10  presents  the 


oeeanographie  data  profile.s  for  the  sunec  location 
whieh  was  about  3 miles  northeast  of  the  final 
SI'.ACON  II  site.  It  can  be  seen  that  the  delta  part  of 
the  structure,  which  was  designed  to  be  at  450  to  500 
feet.  IS  well  below  the  thennociine  and  the  problems 
it  might  cause  to  sound  traiismi.ssion  paths.  I he  pro- 
files also  indicate  that  the  dissolved  o.svgen  content 
approaches  zero  at  the  basin  sill  depth  of  2.400  leet 
12-31  . resulting  in  an  anaerobic  or  near  anaerobic 
condition  that  must  be  considered  in  the  mecli.inic.il 
design. 

In  the  procesc  of  cross-checking  sound  velocitv 
measurements  made  with  the  SI  .-NCOS  II  s'.ructuie 
instriiirienl.it  ion.  the  tenipeiature  prolile  was 
remeasured  more  th.in  3 wars  .ifter  the  initial  temper- 
ature profile  data  were  collected  .\n  e\pend.!!)l<- 
b.ithv  theimogr.iph  was  used  lo  collect  the  data, 
which  arc  presented  and  ciwiiparcd  wiih  the  e.irlier 
d.it.i  111  I Igure  2 I I \greenieni  between  the  two  sets 
ol  data  IS  cjiiite  good  escepi  near  the  surface  where 
the  se.ison.il  v.iii.iiioii  issignilii.ini 


Oxygen  (ml/1) 

10 

8 

6 

4 

2 

Salinity  (U/(X)) 

33.5 

33.7 

33.9 

34.1 

34.3 

Temperature  (°(l) 

3 

7 

11 

15 

19 

Sound  Velocity  (fps) 

5.000 

4.950 

4,900 

4.850 

4.800 

■Z  l,5()0t 
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» 
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Tcntpcraturc 
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I'lgurc  2-li'.  1’hysic.il  (icc.inographic  d.u.t  profile'  at  SI-'A(!()N  II  s;tc  on  5 June  1972 


i 


( 


j.iMIO 

3 7 II  15  19  Zi 

'I  cmpcrjiiirv  <*’0 

I :giirc  2-1 1.  Companion  of  tcmpcrauirc  ami  vniml 
u'loi’ii)  profiles  taken  5 June  1972  ami  26 
Septemlier  I ‘>75. 

I sin):  tile  temperature  anti  salmit)  proliles  m tiie 
in-sitti  i!ensit\  <>l  seawater  profile.  /)„j,  (presenietl  in 
l-ilttire  2-12)  was  ileterminetl  li\  the  Stertinip's  tallies 
12-41. 

An  .iililitional  |iiet.e  of  >lata  tolleeletl  on  the  water 
eoliimn  rel.itetl  to  transmissiliilits . I he  erew  ol  the 
matiiiitl  siihmersililt;  Iwilr.  wliitii  time  at  the  site  on 
9 I elirii.irt  1973.  reporteil  \isilnlit\  w.is  exeelieni  on 
the  bottom,  tiles  esiim.netl  tiies  eouK'  see  50  leet 
troni  the  siih. 

Aimosplierie  anil  .Air/Se.i  liuerface  Coiulitinns 

Dat.i  on  surl.it e eoiitlilions  a;  tlie  sue  were 
.It  ailaliie  m the  literature  I ahk  2-2  is  a stinimars  ol 
the  nionihls  t.irution  of  wiiitl.  sea.  ami  ssull  tortile 
sue  I lie'f  ilat.i  show  ilic  reipnrenier.t  eonlii  lie  me; 
lor  hatiii};  less  than  a sea  stale  .’  more  th.in  50".'  •••t 
the  time  sear  rounil  I he  il.it.i  also  show  the  sumnier 
III. I tall  iiiomlis  |iro\itk  h\  tar  tlii  best  weather  tor 
. omhietiii};  sea  opi  rations  in  ihe  site  area  • i'is  itit.il 
siirl.Ke  we.ilher  toinu-les  with  the  periotl  to  inchest 
turn  Ills  .111(1  was  selevlei!  as  the  l.irjtei  peiitnl  toi 


.t.otlil 

11)24  1.1)25  1.026  1.027  I.02X  t,029  l.li.?l)  i.03l 
Ill-Still  Spetlhe  tlrasiiy.  t|;ni/ie) 

I'ljjiire  2-12.  In-situ  .speei'ie  ijraviu  protileof 
seawater  at  SI  ACON  II  site  on  8 jiiite  1972. 

striuturt  implant  aiul  for  ilata  taking  on  the  re.sponse 
of  the  sirueiiire  to  the  ( Urieiit.s. 

ileafloiir  Topoj;raphy 

■|he  li.ulis  nietrs  of  the  SI-..\C()\  II  site  was 
tlelertiiinetl  from  lioltom  profiiiii};  toiiiliKtetl  ihirin}; 
the  preliniinars  site  surses  eniite  on  5 to  6 June 
1972.  Appriixiiiiaiels  30  nautteai  miles  of  tr.ieklines 
ssere  run  in  the  site  area  i!  i};ure  2-13)  hs  the  LS\'S 
l{.nilrii  iisni};  a 3.3-kll'  iranstlueei  with  Oee.in 
|{eseareh  I ipiipmeni.  Im  Iranseeiser  .Moilel  140 
l eho  esenis  were  reioiileil  on  a K,.\llieon  I'reeision 
Siismii  Keioriler.  I Ol’.NC  It.  a loeal  r.itlio-n.isi^Mlion 
net.  was  ustd  lor  n.isiitation.il  lonirol.  proMiliii}> 
posiiio!iin[:  attur.us  ol  ahotit  ’50  teel  lliehotloni 
at  the  sue  area  was  touiii!  to  he  ne.irit  featureless 
with  an  a\sr.i};i  slojie  ol  0 V i25  leet  in  12.500  Itel) 
Iroiii  west  io  e.isi  as  liepitletl  in  '.he  h.iths  meirit 
eh.irt  in  l-ijturi  2 14  I Ins  Ji.iri  is  torti-i  ted  lor  sound 
\elotil\  and  lide 

\ti  urate  tleplli  d.il.i  at  ‘he  piop.ised  lot  il>o|>  <<t 
till  ilu'iip  aiulior  l\l)  was  essential  to  insure  ilu 
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T.ihlf  2-2.  Wind.  Sea.  and  Swell  Dal  i for  SI-.A(X)N  II  Site  12-5 1 


(Data  e.xpresseii  as  percent  ot  inontli.) 


.Month 

'.V  md 

1 

<6  Knots 

11-21  Knots 

Jan 

i« 

25 

leh 

30 

32 

■Mar 

28 

28 

Apr 

20 

28 

M.iv 

30 

35 

Jun 

35 

30 

.l«l 

35 

25 

.Aiij: 

35 

25 

Sep 

35 

30 

Oei 

46 

28 

Nov 

38 

25 

Dee 

43 

25 

j Wave-' 

>2  l eet 

B 

leet 

50 

8 

55 

10 

50 

13 

58 

13 

58 

15 

55 

7 

45 

/ 

50 

5 

50 

5 

>2  l eet 


>6  I eel 


! lu  U.IU’  liii^iil  IS  i>u  highei  <il  ssa  or  sui-ll  (m  ol>ser\.iiioi)sioiiuiiii»^’ 
liolli  uau  luiiis 


crown  tuio\  wMulil  he  located  williin  proper  depth 
liinils  (lop  no  shallower  than  SO  feel,  no  deeper  (11.10 
60  leet)  rheietore.  depth  data  were  lolleeted  diiriH}; 
stirreni  meter  implants  to  eross-eheik  the  hathj- 
metru  shari  data  at  (he  same  los.ilions.  Ihesetlala  all 
show  the  luths  meiru  chart  readinj>s  to  he  } to  9 feel 
too  ileep.  A final  sheeh  .it  the  pronosei!  el.imp  anchor 
Mte  was  made  with  a wire  soiindiU};  Ihese  data 
mdiiate  the  chart  reads  deep  h\  .(feel  Data  colleued 
diirinp.  the  installation  o|  e.uh  aiuhor  indicate  the 
haliiv  metric  chart  to  he  biased  on  the  deep  sided  to 
5 feet,  lloweser.  the  relainc  ilepllis  ap|H:ar  to  he 
correct  within  * I loot. 


Sediment  I’ropcrtics  .ind  Seafloor  Sfrticiiire 


Diirin(.  the  preliminarc  site  Mirccc  on  5 June 
1*^72  three  i(tem|'ls  were  made  to  coIUm  hoiio..i 
• ore  samples  with  a In  d'oplasiu  corer  2.s  inch  ID 
l’\  I core  harrel.  l;nf:er  retainer,  an>l  no  piston  or 


irij!j;er  mechanism l at  the  Santa  Monica  If.isin  site 
None  of  these  attetnpts  was  succc'csful  howe'er,  tins 
same  ciircr  was  iiscil  succes‘tiill\  to  recover  coies  at 
the  other  sites  snrvc\ed  It  was  surmised  that  the 
hottom  seilinieiits  at  ihe  Santa  .Monica  It.isin  'ile  h.nl 
little  eohesioii.  prohat.lv  heinj;  composed  priinarilv  ot 
Slit  and  s.ind'Si/ed  particles 

I’o  insure  emhedment  anchors  could  he  mstalle>i 
that  would  develop  .ide(|uale  holding;  c.ipaiiiv.  two 
anchoi  tests  were  pertormed  on  7 hehruars  l‘>7.t  as 
descrihed  in  (.h.ipier  .1.  Sedinient  samples  were 
collected  Iriim  the  anchor  components  alter  thev 
were  ret-ieved  (irain  si/e  anaivses  were  perfornieil  on 
a suri.iie  sample  li'tm  the  launch  vehicle  anil  (rom 
one  ot  the  llukes  Itased  on  the  I rtimeal  Oceanic  Soil 
( l.isMluation  Chan,  the  results  in<h  ne  the  surlace 
material  to  he  a si|i\  clav.  hut  deeper,  where  the 
anchor  fluke  was  enihedded  the  material  was  a siliv 
Vlltil 


Depth:  feet  (corrected  to  MI.I.W) 

Contour  interval;  S feet 

i-igurc  2'I4.  Bathymetric  chart  of  SEACON  II  site  (from  CKI.  survey  of  5 to  6 June  1972). 


On  9 I'cbruary  1973  an  additional  attempt  to 
core  the  sediments  at  the  site  \va.s  made  with  a 
Benthos  Boomerang  (,’orer.  A very  short  sample,  only 
6 inches  long,  was  mtamed  Analysis  of  this  core 
showed  the  material  to  Ik'  a elayey  silt,  which 
eorrohoiates  the  results  obtained  frimt  the  launch 
vehicle  sample. 

No  more  coring  attempts  were  made  (tceause  of 
the  previous  difficulties  in  obtaining  cores  and 
iKcausc  the  embedment  anchors  were  .successfully 
installed  and  met  design  requirements  for  short-term 
pullout  resistance. 

Additional  data  were  obtained  on  sediment 
samples  coM-cted  frtHtt  the  clump  anchor,  embed- 
ment anchor  Al.  and  the  embedment  anchor  at  the 
construction  moor  during  stnicture  retrieval.  Ihc 


samples  from  the  clump  anchor  and  embedment 
anchor  A I confirmed  the  existence  of  the  cohesive 
layer  at  the  surface  and  the  nearly  cohesionle'..s 
material  where  the  fluke  embedded  at  a depth  of  20 
to  30  feet  1'hc  H-diment  on  the  construction  moor 
anchor  fluke  located  approximately  2 miles 
southwest  of  all  of  the  other  anchor  tests  showed  a 
different  pattern.  The  material  on  the  fluke  was  a 
clayey  silt  that  exhibited  considerable  cohesivcncss. 
Apparently,  significant  area!  variability  exists  in  the 
sediment  at  the  location. 

Although  the  total  ilcpth  of  the  unconsolidated 
sediments  is  not  known,  the  results  of  3.5-kll/. 
subbottom  profiles  indicate  bottom-conformable 
strata  exist  to  a depth  of  at  least  52  feet.  Since  no 
ilccpcr  echo  events  were  recorded,  this  measurement 
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l•igurt.•  2-15.  Contiiuious  reflection  profile  for  sediment  eoeer  e.visting  nearSh.ACON  II  site. 


repre.sents  the  mininuini  sediment  tliiekncss  at  the  RKSULTS  AND  DISCUSSION 
site. 

The  results  of  a continuous  reflection  profiling  The  lack  of  data  available  for  conducting  an 
am  near  the  SI-.ACON  II  site  are  shown  in  l•lgure  em'incering  site  selection  and  investigation  was  quite 

2-15.  The  bottom-conformable  strata  arc  postoro-  surprising,  espccialK  for  a site  area  adjacent  to  the 

genic  sediments,  large!)  of  turbidit) -current  emplace  Southern  California  co.ist.  The  least  amount  of 

ment  12-(»| , which  could  e.xplain  the  significant  areal  information  uas  available  for  the  most  critical 

vari.ability  found.  The  round-trip  acoustic  time  fiir  parameters  for  an  array  installation  ocean  currents 

the  sediment  cover  at  the  closest  point  on  the  tr.nersc  and  seafloor  se'diment  properties.  The  .>tate-of-thc-art 

to  the  Slv,\(X)N  II  site  is  appro.Nimately  0.5  sec.  This  of  measuring  equipmem.  the  large  areal  variability, 

corresponds  to  a sediment  thickness  of  about  l.4(K)  and  the  high  cost  and  difficult)  of  making  quaitt) 
feet,  assuming  a sound  velocity  of  5.60i)  fps.  This  measurements  of  these  two  parameters  are  all  f.ictors 
information  allayed  any  concern  over  inadequate  which  help  e.xplain  the  paucity  of  data.  The 
sediment  cover  fiir  the  proper  working  of  the  embed-  collection  of  data  on  these  parameters  specificall)  for 
mem  anchors  with  sediment  flukes.  the  SHACON  II  project  was  met  with  great  difficulr)-. 

Uood  quality  sediment  cores  of  adequate  length 
Operational  i-'aciors  scere  not  collected.  This  made  it  necessary  to 

field-tc-st  the  e.xplosivc  embedment  anchors  at  the  site 

Hie  Santa  .Monica  basin  site  is  located  27  miles  to  insure  they  would  operate  properly.  A free-fall 
from  I’ori  lluenemc.  well  within  the  desired  limit  of  |Kmcirometcr  device  presenti)  underdevelopment  by 
40  miles.  The  site  is  8 miles  out.sidc  the  established  (ibl.  would  likely  have  been  a verv  valuable  site 
shipping  lanes,  and  it  is  .also  outside  submarine  transit  investigation  tool  had  it  been  ,i\ail.able.  Adeqiiatel) 
lanes  ;..ul  dangers  us  material  dumping  areas.  The  de\elo|>ed  it  would  have  provided  penetration  data 
clov;st  buuiul.:r)  of  the  l’.u  ific  .Missile  Kange  is  .iboiit  dirccti)  applicable  to  the  embedment  anchor  design 
4 miles  aw>ay.  The  area  has  not  been  iea.sed  for  without  the  requirement  for  cores  or  anchor  field 
mineral  recover)’  operations,  and  the  site  is  located  in  tests. 

international  waters.  I he  National  Marine  I'lslierics  The  measurement  of  currents  in  the  .Santa  .Monica 
Sea-ice  was  contacted  |2  7|  to  imesngate  possible  basin  to  determine  if  the  wliH’it)  and  direction 
trawling  activities  m the  area.  It  was  indicated  that  characteristics  of  the  current  were  suitable  for  the 
there  is  no  trawling  conducted  south  of  the  Ventura  SI'ACON  II  e\|Krimcnt  was  a frustrating  experience. 
County  line.  Ilowecer.  swordfish  harpooning  cIch-s  A cariet)  of  meters  was  available  in  the  CM. 

occur  in  the  site  .trea  and  could  g.*  deep  enough  to  incemor)  and  on  loan  l.ach  had  different  priKcdures 
iK'Come  entangled  with  the  struciua’  Ihe  line  uH’d  and  equipment  nccc-ssarc  for  implantmcnt.  Ihe 
t)p!c.ili\  has  a breaking  sircnglh  of  about  6IH1  recording  medium  and  format  \. tried  from  meter  to 
pounds,  so  It  would  be  unlikcK  aiv.  serious  dam.ige  meter  The  data  processing  was  different  for  each 
would  be  sustained  b)  the  smiciurc  if  eni.ingb.iuni  meter,  and  none  could  be  reduced  in-housc.  Ihe 
occurred. 


result  was  pour  data  recover^'  and  a very  long  time  lag 
(averaging  about  2 months)  in  obtaining  reduced  data 
for  analysis.  Nearly  1 year  was  required  to  confirm 
the  current  regime  met  the  site  selection  criteria. 

In  general,  the  measured  current  data  appear  to 
agree  with  the  predicted  data  obtained  from  a 
numerical  model  for  tidal  effect  and  a geustrophie 
flow  model  for  determining  permanent  current.  How 
much  coincidence  is  involved  in  this  agreenwnt  is  not 
known;  the  site's  nearness  to  the  coast  and  the 
Channel  Islands  and  its  basinal  character  make  any- 
thing mure  than  qualitative  predictions  extremely 
difficult  if  nut  unlikely. 

Compared  to  the  effort  required  to  obtain  sedi- 
ment and  current  data,  the  remainder  of  the  site 
investigation  effort  was  routine.  The  standard 
techniques  used  to  collect  data  and  process  them 
were  adequate,  and  accuracies  were  sufficient  for 
engineering  purposes.  Data  on  site  characteristics 
obtained  from  the  literature  and  personal  communi- 
cations proved  accurate  except  in  one  instance. 
Although  no  deep  trawling  supposedly  was  dune  in 
the  site  area,  as  notetl  in  Chapter  3,  a piece  of 
trawling  net  was  found  entangled  with  one  mooring 
leg. 

The  i.OKAC  II  navigation  net  was  adequate  for 
site  selection  when  both  transmitting  and  receiving 
equiptnent  were  operating  properly  and  were  not 
Itcing  interferred  with  by  skywave  effects  or  ship 
radio  transmission.  The  equipment  is  relatively  old. 
however,  and  subject  frequent  breakdowns,  which 
result  in  either  poor  position  data  or  time-consuming 
recaiibratiun  runs. 


I'lNDINCS  AND  CONCLUSIONS 

I.  A site  suitable  for  the  implant  of  the  SKACO.N  II 
structure  was  successftilly  locate«l  and  investigated. 

2 \'irtu.illy  no  data  were  found  in  the  literature  on 
the  two  most  important  parameters  ■-  currents  and 
scdimciu  properties  for  implant  of  an  undersea 
cable  structure,  such  as  SI:A(;0\  II.  .App.arently.  due 
to  lack  of  adequate  equipnicnl  and  the  cost  invoked, 
tl'.esc  site  data  arc  not  generally  available  even  in  a 
well-studied  area,  such  as  the  southern  (^ilifornia 
coastal  waters.  The  lack  of  data  on  current*.,  required 
a 1-vear  effort  to  accumulate  siiffieicnt  data  to  make 
a final  site  selection  decision 


3.  Due  to  coring  equipment  limitations  in  the  sedi- 
ments encountered,  no  suitable  core  was  obtained. 
This  necessitated  costly  field  testing  of  the  embed- 
ment anchors  to  insure  they  would  operate  properly 
at  the  site.  An  alternative  to  coring  or  more  reliable 
coring  techniques  arc  needed. 

4.  Measured  and  predicted  currents,  both  velocity 
and  direction,  appeared  generally  to  agree. 

5.  The  LORAC  B system  provided  adequate  position 
data  for  the  site  investigation  when  transmitting  and 
receiving  equipment  were  both  operating  properly; 
however,  frequent  breakdowns  were  experienced. 

6.  Contrars'  to  site  information,  deep  trawling  was 
conducted  in  the  area  at  least  once  because  a trawl 
became  entangled  with  the  SKACON  II  structure. 

RECOMMENDATIONS 

1.  The  Navy  should  establish  a physical  environ- 
iiK’ntal  measurement  program  to  obtain  environ- 
mental data  for  engineering  purposes  at  numerous 
locations  around  the  world  which  are  likely  to  be 
candidates  for  undersea  construction  activities.  This 
would  avoid  the  long  lead  time  involved  in  site 
selection.  Current  regime  and  sediment  properties  are 
the  most  important  parameters  to  be  accumulated  in 
a data  bank. 

2.  The  Navy  should  continue  to  support  the  develop- 
ment of  a current  nKastircment  system  for  ocean 
engineering  that  incorpora'es  ea.se  and  reliability  in 
implant  and  recovery,  and  has  central  control  and 
recording,  low  cost  sensors,  and  low  threshold  and 
high  accuracy  sensors. 

3.  The  Navy  should  continue  development  of  the 
expendable  free-fall  penetrometer  as  an  efficient 
means  of  determining  engineering  properties  of 
sediments  without  coring.  Sufficient  tests  in  many 
different  sediment  types  .should  l>c  conducted  to 
“calibrate"  the  penetrometer  for  any  iwean  lucatiot:. 
Development  should  also  concentrate  on  engineering 
to  reduce  the  unit  cost  to  a reasonable  level. 

4.  The  Navy  should  critically  evaluate  .acoustic  means 
for  determining  engineering  properties  of  sediments 
in  situ.  This  technique  could  provide  another 
alternative  to  coring  or,  at  least,  to  extensive  coring 
activities. 
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5.  Studies  should  Iv  conducted  to  determine  the 
reliability  of  ocean  current  prediction  techniques  tor 
engineering  needs  at  ocean  emstruciism  sites. 


6.  A new  ship  positioning  system  that  covers 
generally  the  pre.scni  area  served  by  the  obsolete 
I.OKAC  C net  should  be  procured  and  installed. 
I.OKAN  C,  which  should  be  operational  in  this  area 
in  early  1977,  may  satisfy  at  least  part  of  this 
recommendation. 


-|"Tii  '“i  a 
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CHAPTER  3 

SYSTEM  DESIGN  AND  PERFORMANCE 


SECTION  1 - DESIGN  CONCEPT 
GENERAL 

Sifice  the  SEACON  II  structure  was  an  experi- 
mental “tool”  rather  than  an  operational  system,  it 
pennitted  greater  latitude  <n  selecting  a general  con- 
cept,'‘Ihcluding  shape,  configuration,  and  size.  A 
three-dimensional  cable  structure  with  a horizontal 
delta  inclusion  was  selected  to  provide  a comprehen- 
sive test  of  available  analytical  models.  The  configura- 
tion chosen  appeared  to  have  practical  value  in 
providing  a very  stable  subsea  structure  with  the  delta 
being  a convenient  platform  on  which  to  mount 
instruments.  Should  a similar  structure  be  built  for  an 
operational  system  the  results  of  the  SEACON  II 
experiment  could  be  directly  applied  with  little 
interpretation  or  extrapolation. 

The  approximate  size  of  the  structure  was 
initially  bracketed  to  be  between  2,000  to  6,000  feet 
high  with  the  delta  sufficiently  deep  to  avoid  signifi- 
cant surface  effects.  It  was  concluded  by  Dominguez 
(3-1)  that,  if  a properly  validated  numerical  model 
was  obtained  on  the  SEACON  II  structure,  the  results 
could  be  extended  to  cable  structures  8 to  10  times 
its  size.  Thus,  the  data  from  this  size  of  structure 
could  be  applied  to  the  design  of  a submerged  cable 
structure  at  virtually  any  ocean  depth.  This  size  range 
also  appeared  to  be  sufficient  to  extend  the  state-of- 
the-art  in  the  implant  of  such  a complex  structure, 
since  no  trimoor  supporting  a large  platform  similar 
to  the  SEACON  II  delta  had  ever  before  been 
installed. 


STRUCTURE  DESCRIPTION 

The  SEACON  II  structure  (Figure  3-1)  consisted 
of  a delta-shaped  module  tethered  by  three  mooring 
legs  (LI,  1.2,  and  1,3)  in  2,900  feet  of  water.  Legs  1,1 
and  1.2  were  torque-balanced  .ncchanical  cables,  and 


L3  was  a torque-balanced  electromechanical  (EM) 
cable.  Each  leg  was  4,080  feet  long.  The  delta 
module,  which  had  1,000-foot-long  EM  cable  arms, 
was  positioned  approximately  500  feet  below  the 
surface  and  was  buoyed  at  each  apex  by  a 5-1/2-foot- 
diametcr  spherical  node  buoy  (NBI,  NB2,  and  NSST 
The  mechanical  cable  legs  (LI  and  L2)  were  anchored 
with  experimental  deep  ocean  explosive  embedment 
anchors  (A1  and  A2).  The  EM  cable  leg  (L3)  was 
anchored  by  a 12,500-pound  clump  anchor  (A3), 
which  contained  a 10-watt  radioisotope 
thermoelectric  generator  (RTG).  The  anchors  were 
positioned  approximately  6,600  feet  apart.  An  lv,M 
wire  rope  crown  line  (CL)  extended  from  the  clump 
anchor  to  an  8-foot-diameter  crown  buoy  (CB)  50 
feet  below  the  surface. 

The  electronics  and  recording  equipment  were 
stored  within  a removable  pressure  canister  in  the 
crown  buoy.  Hydrophones  for  position  measurement 
and  pressure  sensors  for  measuring  depth  were 
located  at  the  three  delta  apexes,  the  one-third  points 
of  delta  arm  D13,  the  midpoint  of  leg  1.3,  and  500 
feet  below  the  surface  on  the  crown  line.  One  hydro- 
phone was  to  be  located  at  the  midspan  of  arm  D23, 
but,  as  discussed  later,  it  flooded  during  implant  and 
was  removed.  Three  acoustic  projectors  (1*1,  P2,  and 
1*3)  were  located  on  the  clump  anchor  and  near  the 
other  two  anchors,  respectively.  Tension  sensors  were 
located  at  each  end  of  leg  1.3,  each  end  of  delta  arm 
D13,  and  at  the  NB3  end  of  del'.j  arm  1)23.  The 
Naval  Underwater  Systems  Center  (NUSC),  New 
London,  Connecticut,  supplied  a self-contained 
instrumented  span  for  delta  arm  1)12  to  measure  the 
dynamic  response  of  the  structure  to  the  environ- 
ment. Three  current  meter  strings  (CMl,  CM2,  and 
CM3)  with  a total  of  19  meters  surrounded  the 
structure.  Three  acoustic  projectors  (Tl,  T2,  and  T3), 
which  were  part  of  an  acoustic  transponder 
navigation  system  (AT.NAV),  were  positioned  on  the 
.seafloor  near  the  structure. 
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I'igurc  3-1.  SKACON  II  trimoor  structure 


Tabic  3-1.  Summary  ofl’hysical  Characteristics  Used  for  Design' 


(Distance  between  .inchors,  6,600  feet,) 


Dimensions 

Unit  Weight 
(in  seawater) 

Drag 

Gocfficicnt 

Gomponent 

Length 

(ft) 

Diameter 

(in.) 

I.ocation 

Gables 

4.080 

0.727 

-0.310  Ib/ft 

1.2 

(normal  only) 

Leg  (1.1,  1.2,  1.3) 

Arms 

1 ,000 

0.727 

-0.310  Ib/ft 

1.2 

(normal  only) 

Arm  (D13,  D12,  D23) 

Node  Buoys 

67 

1,745  lb 

0.5 

At  junctions  of  arms  and 
lcgs(\Bl,  NB2,  NB3) 

^Actual  values  varied  in  some  tase-s.  fable  3-f  provides  data  on  aitual  eables  iiseil. 


ANALYTICAL  MODELING  OF  STRUCTURE 

The  anals'tieal  mtidel  used  to  design  the  SI-.ACO.N 
II  structure  is  called  DI'.S.ADL  and  r.  described  in 
Chapter  6.  DKSADK  was  used  to  establish  the  struc- 
ture design,  confirm  the  suitability  of  the  construc- 
tion site,  and  determine  the  measurement  accuracies 
required  to  achieve  the  desired  level  of  validation. 

First,  various  combinations  of  leg  lengths,  anchor 
spacings,  and  buovancics  were  input  to  the  program 
and  analyzed  in  an  iterative  fashion.  I'his  procedure 
continued  until  a preliminars'  design  resulted  that  had 
the  node  buoys  at  appro.ximatcU  5(K)  feet  below  the 
surface,  no  cables  laying  on  tbc  bottom,  maximum 
tensions  less  than  2,000  pounds  in  all  cables  except 
the  crown  line,  and  a design  compatible  with  the 
installation  plan  being  developed  concurrently. 

Table  3-1  is  a summars-  of  the  important 
parameters  that  re.sulted  from  this  first  st.tge  effort 
These  characteristics  were  used  .is  input  to  the 
DFSADI-  program  along  with  ocean  current  profiles 
to  determine  the  predicted  response  of  the  struuure 
to  the  ocean  environment.  Using  the  predutne  model 
the  tentative  design  for  the  SI- AGON'  structure  was 
exposed  to  two  current  profiles.  .\  "low  profile" 


(shown  in  Figure  3-2)  represents  the  current  regime 
e.xpected  20%  of  the  time  at  the  SFAGON  site.  It  was 
used  to  Iciemiinc  the  minimum  node  buc'y  displace- 
ment (20  feet  from  the  zero  current  position  of  the 
buoys)  and,  thus,  establish  how  accurate  the 
equipment  used  to  measure  the  position  of  the 
structure  would  have  to  be  The  “high  profile" 
(Figure  3-2)  was  used  to  insure  cable  tensions  did  not 
exceed  those  prescribed  for  the  cables.  The  displace- 
ments produced  b\’  the  current  profiles  for  one 
assumed  direction  of  flow  arc  shown  in  Figure  3-2, 
note  that  the  “low  profile"  produced  node  buo\ 
displacements  of  20  feet  in  the  horizontal  plane  (\-\ 
plane)  and  vertic.il  displacements  of  8 and  -14  feet. 
The  “high  pr.ilile"  produced  horizontal  displace- 
ments of  approxmutcls  70  feet  and  vertical 
displacements  of  -52  and  2!  feet.  Under  the  “high 
profile.  ' maximum  cable  tensions  were  t,K60  pounds 
in  a "leg"  and  650  pounds  in  a horizontal  delta 
“arm."  I'rom  these  ilata  it  was  dctcrmincil  that 
adequate  displacement  of  the  structure  could  be 
expected  at  the  selected  SI  .XGON  If  site 

Since  mans  parameters  influence  die  ultimate 
level  of  validation  of  the  analvtical  model,  a 
p.ir.imcirii  stiulv  vvas  conducted  to  ifctermme  ihe 
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LOW  PROFILE 


I’lgurc  3-2.  I’rciiictoi  xlisplafcment  .SHACON  fl  delta  under  influenee  of  “high”  and  “low”  current  profiles. 
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Tabic  3-2.  Kquivalcnt  Cj  Accuracy  of  SKACON  II  Parameters 


Equivalent 
Cj  Variation*' 

Position 

Measuring 

(ft) 

Ocean  Currents 

Cable 

Diameter 

(in.) 

I'luid 

Density 

(slugs/ft^) 

X->' 

/ 

Velocity  (ern/sec) 

Direction  (deg) 

±0.25 

±13 

±11 

±2.5 

±10 

±0,11 

±0.33 

±0.10 

±5 

±4.5 

+ 1.0 

±4 

±0.05 

±0.14 

±0.05 

±2.5 

±2.0 

±0.5 

•2 

±0,025 

+0.06 

±0.02 

±0.5 

±0.4 

±0.1 

J 

±0.5 

±0.005 

±0.03 

‘'Varuiiun  aliout  assuinvU  normal  Cj  equal  to  1.2. 


impact  of  each  parameter  on  \alutation.  A study  such 
as  this  points  out  potential  sources  of  error,  which 
allows  one  to  determine  if  any  major  measurement 
problems  exist  and  to  specify  the  measurement 
accuracies  needed  to  meet  the  expcriinent.il  goals. 

Since  the  major  factor  for  relating  cause  (ocean 
currents  acting  on  the  stnicturc)  to  effect  (movement 
of  the  strucuire)  is  an  eflective  dr.ig  coefficient  for 
the  structure,  the  drag  coefficient  w.is  selected  as  the 
pacing  parameter. 

Table  3-2  shows  six  of  the  parameters  examined 
as  a function  of  the  pacing  parameter,  normal  dr.ig 
coetficient.  Cj.  I'.ich  of  these  was  examined  in  rela- 
tion to  a C,j  accuracy  level  of  +0.10,  a lecel  estimated 
.IS  being  necessary  for  a successful  wilidation  experi- 
ment 1 3-1 1 . 

■|  he  aser.ige  fluid  density  measurement  (or  the 
site  IS  accurate  to  within  ^O.OtH  slugs/ft-’,  this  is  50 
limes  more  accurate  than  the  fluid  densitc  listed  in 
l.ihle  3-2  tor  an  ei|uiv.ilent  C,j  accuracc  of  ‘0. 10, 
I he  average  cable  diameter  measurement  is  lielieccd 
accur.iie  to  within  *().(io3  inch,  chich  is  ilmosi  20 
limes  more  accurate  than  die  cable  diameter  lor  an 
e(|uivalent  aeciiracc  ol  ‘0. 10. 

I he  rel.itiie  position  nieasiiniig  accir.iic  ol 
(eel  in  the  certie.il  and  '4,5  leel  in  the  hori/ontal 
posed  a serious  challenge  lo  be  stne  sii.|i.  lenl 
.icciir.uc.  especi.iib  .it  lower  current  celocilies,  a 
rel.itice  posmon  acciiiacc  ot  * I loot  was  s|H'cilied  lor 
the  posiiion  nic.isiiring  s\  stem. 


The  current  celocits  and  direction  measurements 
were  a more  serious  challenge,  requiring  the  design  of 
an  elaborate  current  measurement  and  calibration 
system,  which  is  described  later  in  this  chapter. 

SKCTION  2 - MECHANICAL  SUBSYSTEM 
DESICN  GUIDELINES 

I he  major  components  of  the  mechanical  sub- 
scsteni  include  cables,  cable  terminations  and 
breakouts,  anchors,  instrumentation  housings,  and 
buo\anc>  elements  Serious  wear  or  corrosion  of 
mans  o(  these  meehanic.il  components  could  result  in 
ma|or  structural  failure,  thus,  the  follossing  guidelines 
were  adhered  to  in  the  design  ot  this  subssstem 

• I he  operating  lifetime  of  the  inechanica'  sub- 
ssstem  sh.ill  be  a minimum  of  2 sears. 

• Critical  components  shall  be  designed  to  meet 
this  imniinum  2-sear  reciiiiremcnt  Oitical 
relates  to  complete  subss  stem  tailure  as  ssoiild 
result,  lor  example,  from  the  parting  of  any 
cable  lerinmation 

• Absolute  minimum  oper.iting  lifetime  of  non- 
crilual  components  sh.ill  be  1 sear. 
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• All  uirv  ropes  and  wire  rope  terminations  shall 
he  galvanized  or  alunriini/.ed. 

• All  dissimilar  metals  shall  he  electrically 
isolated  or,  if  isolation  is  not  desired  or  t'easible, 
the  more  anodic  components  shall  be  much 
larger  than  the  cathodic  components. 

• All  steel  components  shall  he  hot-dip  galvani/.ed 
and/or  eathodieally  protected  with  sacrificial 
anodes. 

• The  radioisotope  thermoelectric  generator 
fUTd),  Its  housing,  retaining  hardware  and 
cables,  cable  terminations,  and  connectors 
a.ssociated  with  it  shall  all  he  considered  critical 
Items,  since  it  is  essential  that  the  generator  l>e 
safel)'  installed  .ind  lecotered. 

• Materials  that  corrode  uniformly  (steel,  copper 
.illoys,  cuproiiickles.  etc.)  are  preferable  to 
those  that  corrode  nonuniformly  (aluminum 
and  siiiinless  steel). 

• Aluminum  alloys  and  stainless  steel  shall  lie 
allowed  for  noncritieal  items  onl\ . 

• ritanium.  Inconel  62a.  and  llastelloy  "C"  are 
materials  to  be  used  onl\  for  critical  com- 
ponents that  cannot  be  protected  from 
corrosion  damage  tiy  other  means. 

CABIJ.  AND  CABLK  r:.R\.|NATIONS 
IX-sign  Criteria 

I he  major  criteria  for  the  selection  of  cable  and 
termination  hardware  were,  the  combination  must 
(1)  supple  both  rcli.ible  electrical  power  and  data 
transmission  to  and  from  the  structure.  (2)  h.ue  gocnl 
handling  char.ictcristics  for  implant.  (3)  withstand  the 
mulunic.i!  stresses  expected,  and  t4)  survive  a 
minimum  of  2 wars  in  the  ocean  environment. 
Specific  cable  criteria  are 

• .Ml  structure  cables  must  lie  tor(|ue-f)alanccd 
wiihm  t!u  present  statc  ol  the  art. 

• .Ml  cleviromech.inic.il  cables  must  have  a center 
strength  member  with  a tninimum  ot  three 
electrical  conductors  t.\\\(.  no.  12  or  larger) 


exterior  to  the  strength  member,  with  the 
exception  of  the  crown  line  cable  whicli  must 
have  a minimum  of  six  electrical  conductors 
with  three  exterior  to  the  strength  member. 

• All  cables  must  be  jacketed  with  a smooth 
exterior  covering  that  can  withstand  abrasion. 

• All  cables  must  be  compatible  with  state-of- 
the-art  terminations. 

• All  cables  must  be  galvani/.ed  or  aluminized  for 
corrosion  protection. 

• All  cable  terminations  must  withstand  loads  up 
to  and  including  the  parting  of  the  cable. 

• Ail  cable  terminations  must  be  galvanized. 

• All  cable  terminations  must  be  designed  so  that 
all  electrical  conductors  can  be  passed  con- 
tinuously through  the  termination. 

Cable  Description 

The  basic  cable  type  selected  for  the  SKACON  II 
structure  was  of  three-strand  mechanical  construc- 
tion. CKI.  and  other  organizations  that  have  had 
experience  with  this  type  of  cable  have  found  it  to 
have  excellent  mechanical  properties.  It  ts  especially 
convenient  to  handle  since  it  is  designed  to  be 
torque-balanced.  NUSC,  New  London,  working  in 
conjunction  with  NA\TAC  and  U.S.  Steel  Corp,  New 
ll.iven.  converted  this  c.xcellent  mechanical  cable  to 
.in  electromechanical  (I-..M)  cable  by  placing  three 
j.ickcted  no,  22  AWCI  electrical  conductors  in  thc 
vallcys  formed  b\  the  three  strands  (l-igurc  3-3a)  and 
then  jacketing  the  entire  cable  to  hold  the  electrical 
conductors  in  place  and  to  protect  them  from 
.^br,^slon.  To  increase  the  number  of  electrical 
conductors  from  three  to  six  the  center  wire  of  each 
strand  was  replaced  with  an  electrical  conductor 
(i-igurc  3-3b).  This  configuration  was  selected  lor  the 
SI-',\(T)\  II  crown  line  (CII.) 

.At  the  time  Cl-.l.  teniativelv  selected  this  cable 
lor  the  SI'.XLON  II  structure  only  preliminary  testing 
had  been  completed  on  the  L.M  version  of  it  and  no 
work  had  heen  done  on  terminations  or  breakouts. 
Ihe  cable  appeared  so  promising,  howevci,  that  Cl-.l. 
decided  to  tcntativciv  select  it  and  perform  the 
vlevvlopmcnt  anil  tcst:ng  neccssarv  to  assure  its 
reh.ibihtv  for  use  in  l!ic  SI  .XCON  ||  structure. 


Nominal  Strength  Outside  1 Breaking  I In-Water  Blectrieal  Conductors 
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Tabic  3-3  lists  the  characteristics  of  all  the 
SKACON  II  structure  cables.  All  of  the  legs,  the  delta 
arms,  and  the  crown  line  were  externally  jacketed 
with  high-density  polyethylene  so  that  the  entire 
structure  would  be  uniform  whether  the  cables  were 
HM  or  mechanical  only.  This  jacketing  added  com- 
plexities to  the  cable  termination  design  and 
con  ^::ion  e>'aluation  as  discussed  later. 

The  I-:M  leg,  delta  arms,  and  crown  tine  electrical 
conductors  were  insulated  with  a cross-linked  poly- 
alkene  primary  atvd  a cross-linked  polyfvinylidene 
fluoride)  (Kynar)  jacket.  The  projector  cable’s  three 
electrical  conductors  were  jacketed  with  polypropy- 
lene. 

Termination  Descriptions 

All  cable  terminations  used  on  the  SKACON  II 
structure  were  DYNA-CRIPs  purchased  from  Pre- 
formed I.ine  Products  Company.  This  termination 
ts'pe  uses  a helical  gripping  and  armoring  technique. 
The  gripping  forces  are  distributed  uniformly  along 
the  cable  rather  than  being  concentrated  at  the  end  of 
the  fitting.  The  helical  rods  arc  formed  such  tiiat  the 
inside  of  the  helix  is  smaller  than  the  outside 
diameter  of  the  cable:  this  provides  a gripping  action 
when  properly  installed  on  the  cable. 

The  majurin-  of  the  DYNA-<iRIP  terminations 
were  fitted  with  aniculating  ball  joints  (Figure  3-4)  to 
reduce  cable  fatigue  and  the  ambient  noise  generated 
by  the  struenire.  The  exceptions  were  at  anchor  .M. 
anchor  A2.  md  the  crown  buo>-;  at  these  points  the 
DYNA-dRIP  terminated  m clcrises. 

The  MKkets  of  the  ball  joints  were  lined  with 
Rulon.  a material  similar  to  nylon,  to  reduce  friction 
and  noise  that  might  lie  generated  at  these  connection 
points.  The  electneal  conductors  passed  through  a 
hide  in  the  center  of  the  joint. 

Testing 

Ail  cable  and  termination  testing  was  done  at 
three  l»Karions  I'.S.  Steel  Corporation.  New  liasen. 
Connecticut.  I'reformed  I.ine  Prsulucts.  Cles'cland. 
Ohio,  and  Civil  I ngineenng  Ijboratorv.  Port 
Huencmc.  California. 

Both  mechanical  and  electrical  tests  were  per- 
formed on  the  cables.  I he  electrical  tests  consisted  of 


Figure  3-4.  Typical  ball  joint  connection  on 
DYNA-dRIP  termination,  l-ight  fouling 
present  after  structure  recover)'. 


insulat>^>n  resistance,  attenuation  at  14.5  kil/. 
capacitance,  and  inductance  measurements.  The 
mechanical  tests  were  rotation,  breaking  strength, 
and  a (lending  life  test  of  electneal  conductors  using  a 
24-inch  sheave  with  the  cable  loaded  at  20%  of  stated 
breaking  strength. 

As  noted  earlier  all  cable  terminations  were 
DYNATiRIP.  The  state-of-the-art  for  these 
terminations  with  unjacketed  mechanical  cables  was 
such  that  testing  was  unnecessaiy..  However,  testing 
was  performed  b\-  Preformed  Line  Products  Company 
on  the  1/2-inch  3x19  jacketed  I-..M  cable  terminated 
with  I)VNA-<1RIP‘..  The  test  repor.  shows  the 
l)YNA4iRIP  termination  to  be  able  to  develop  the 
full-stated  breaking  strength  of  the  cable  without 
damage  to  the  electneal  conductor*. 

Results  and  Discussion 

The  most  significant  prirtilcm  detected  during  the 
cahic  tests  was  eicctrual  shorts  to  ground  in  the 
I/2-mi'h  3x1*}  I'M  cable  Three  test  specimens  were 


provided  by  the  nunufacturcr  for  pressure  tests  at 
Ctll..  Two  of  the  samples  were  100  feet  long,  and  the 
third  was  40  inches  long.  All  had  electrical  con- 
ductors with  polypropylene  insulation  rather  than  the 
polyalkenc  that  was  used  in  the  final  cable. 

The  first  test  was  conducted  on  one  of  the 
100-foot  cables  coiled  so  that  it  would  fit  in  an 
18-inch-diameter  pressure  vessel.  Before  the  cable  was 
submerged  in  the  seawater,  its  resistance,  capacitance, 
and  inductance  were  measured.  All  conductors 
checked  out  satbfactorily. 

The  pressure  was  raised  to  150  psi,  and  conductor 
no.  1 showed  a short  to  the  pressure  vessel  case.  The 
other  two  conductors  had  resistance  to  ground 
greater  than  SO  MO.  At  500  psi  conductor  no.  2 
showvd  a resistance  of  100  kfl  to  the  pressure  vessel, 
and  conductor  no.  1 remained  shorted.  The  resistance 
to  ground  remained  greater  tlian  SO  MSI  for  con- 
ductor no.  3.  Since  the  cable  was  considered  failed, 
the  pressure  was  removed.  The  short  in  conductor  no. 

1 disappeared  when  the  cable  was  removol  from  the 
tank,  but  the  lOO-kH  resistance  to  gr  mJ  for  con- 
ductor no.  2 remained  unchangeil. 

It  suspected  that  the  table  mav  have  been 
damaged  when  it  was  coilctl  so  tightls  tt>  fit  in  the 
18- in  eh  pressure  vessel.  'Ihcreforc,  the  second 
100-foot  MTCtion  along  with  the  40-inch  piece  were 
left  ill  their  shipping  container,  and  the  entire  con- 
tainer was  placed  in  the  72-iiuh-tlianKter  pressure 
vessel,  iieforc  going  into  the  scssel.  all  conductors 
except  no.  2 in  the  4<)-inch  c.able  had  rcsista.ncc  to 
ground  greater  than  5 at  I.(nk)  suits  IK^.the  no. 

2 coniluctor  ssas  reseised  Irtnn  the  factors  in  a 
shortctl  condition. 

After  the  cables  sscrc  placed  in  the  72-inch  vessel 
ansi  the  hcasi  secureil,  sshich  to<)k  about  45  minutes, 
the  conductors  sscrc  tested  for  shoits  .igam  bcls>re 
appising  pressure.  Conductor  no.  I of  the  KMi-toot 
cable  and  sondutiorr.  no.  1 and  2 of  the  40-inch  cable 
sserc  shortcsl.  Both  cables  sscrc  soiititieicd  tai'csl,  so 
no  pressure  was  applied.  Instcasl.  thes  sscrc  remosed 
fri'in  tile  scssel  and  ihoroughls  inspected  to 
ilctcrminc  the  losations  and  probable  causes  of  the 
latiuies. 

the  jacket  ol  the  40-nuh  s.imph . ssbish  ssas  a 
test  tixture  tor  an  cltstris.il  breaksmt  ssbeini.  ss.is 
fcmoss'il.  and  'he  eleiiris.il  hrsakoi.is  sssr.  nispested. 
I he  splits'  to  the  no.  I sondiutor  was  blts.l.  aiul 


Teflon  insulation  was  placed  between  the  steel  wire 
and  the  splice.  The  resistance  to  ground  immediately 
increased  to  greater  than  50  MH.  The  same  procedure 
was  followed  for  conductor  no.  2 svith  the  same 
results.  Analysis  of  the  splices  showed  there  were 
cracks  at  the  junction  area  where  the  pigtail  was 
attached  to  the  main  conductor.  The  unsatisfactory 
splice  had  been  made  by  wrapping  the  wires  first  with 
a polypropylene  tape  and  then  with  a polycthyicnc 
tape;  then  they  were  irradiated. 

The  100-foot  specimen  was  halved  until  a short 
section  with  the  failure  was  isolated.  The  jacket  was 
then  removed,  and  the  conductor  was  examined 
under  a microscope.  A hole  was  found  in  the 
insulation.  It  was  decided  that  the  most  probable 
cause  of  failure  was  that,  during  the  process  of 
extruding  the  jacket  over  the  cable,  the  polypropy- 
lene insulation  on  the  electrical  conductor  was 
softened,  and  mechanical  abrasion  at  this  stage  broke 
through  the  insulation. 

Based  on  this  information  the  manufacturer 
recommended  the  polypropyicnc-covcrcd  electrical 
conductors  be  replaced  with  a cross-linked  polyalkenc 
primary  insulation  and  a cross-tinked  polyfvinylidcnc 
flmiriilel  (K>  lur)  jacket.  This  insul.ation  was  designed 
to  withstand  to  700”l''  annealing  tempera- 

tures. 

It  was  later  determined  that  softening  of  the 
insulation  during  the  jacketing  process  probably  was 
not  the  cause  of  failure.  The  cable  was  manufactured 
and  liie  conductors  laid  in  the  cable  at  one  plant.  The 
cable  w-as  then  shipped  to  another  plant  in  a different 
c;t\  lor  cvtnision  of  the  outer  jacket.  During  this 
process  the  cable  w-as  reeled  with  vsoodeii  blocks 
inserted  to  separate  the  layers  and  protect  the 
electrical  conductors.  Instead  the  wooden  blocks 
gouged  the  conductors,  causing  the  failure. 

I If  insure  the  li..M  cables  delivered  for  use  in  the 
SI'.ACON  II  siructiire  had  no  faults  in  the  electrical 
condi.cfiirx,  the  soids  between  the  jacket  and  the  wire 
were  (i.ickfillcd  with  freshwater  and  then  tested  while 
under  pressure  (l-'igwre  3-5  >.  .No  faults  were  detected 
in  ans  of  the  h.M  eahlex  delivered  from  the  manu- 
tacrurer.  l-icshwatcr  backfil'ing  was  done  for  several 
reasons.  The  inner  soids  of  the  cables  were  filled  with 
water  lo  present  a large  pressure  differential  from 
developing  acrovs  the  jacket  wall  during  prcssuri/a- 
iion  that  could  damage  the  e.tb!e.  Also,  freshwater 


I'igurc  J-5.  Testing  KM  cables  for  electrical  faults 
in  CKI.’s  6-foot -diameter  pressure  vessel. 

was  recommended  by  CKI.'s  corrosion  consultant  to 
lessen  the  corrosion  rate.  I'inally.  by  filling  the  voids 
with  water  and  then  pressurising  the  fluid  one  was 
able  to  obtain  highly  accurate  in-water  wei^ts  for 
the  cable  sections. 

The  only  other  potential  problem  discovered 
during  the  cable  testing  related  to  the  rotational 
properties  of  the  3x19  cables.  The  manufacturer 
stated  an  approximate  linear  increase  from  0 degrees 
per  foot  rotation  at  0 load  to  about  I degree  per  foot 
rotation  at  70%  of  breaking  strength.  The  Navy 
Research  I,a!»T,..  p*Tformcd  tests  (J-2|  that 
indicated  a rotation  -r  5 degrees  per  foot  at 

alwut  5%  of  breaking  stre-,  m ..^^rcasing  to  about  6 


degrees  at  70%  of  breaking  strength.  This  appears  to 
indicate  some  residual  rotation  from  the  manu- 
facturing process  was  in  the  cable  specimen  tested. 
The  difference  in  results  could  be  due  to  different 
testing  techniques  and  to  different  cable  lengths  and 
runs  of  cable  tested.  Kven  at  the  higher  rotation  value 
this  3x19  cable  is  still  one  of  the  most  nearly  torque- 
balanced  wire  rope  cables  on  the  market. 

Mechanically,  the  3x19  and  3x24  cables 
performed  very  well.  Some  of  the  cables  were 
deployed  from  a reel  through  a traction  unit,  and 
others  were  figure-eighted  in  boxes  and  deployed  by 
hand.  No  problems  of  twisting  occurred  with  any  of 
the  cables  during  loading,  payout,  or  recovery  of  the 
structure.  The  only  cable  damage  was  found  during 
structure  recovery.  It  consisted  of  a small  kink  at  the 
top  of  leg  1.1  and  a longitudinal  ripping  of  the  poly- 
ethylene jacket  nearly  the  full  length  of  1.1.  It  is 
believed  this  damage  was  caused  by  a deep  trawl 
becoming  entangled  with  leg  LI.  In  fact  a piece  of 
trawling  net  was  found  still  snagged  at  the  top  of  leg 
LI  wiien  the  structure  was  recovered. 

The  electrical  conductors  in  the  3x19  and  3x24 
HM  cables  remained  in  excellent  condition  with  no 
shorts  for  at  least  1-1/2  years  and  probably  for  the 
full  22-month  implant.  A short  did  occur  somewhere 
in  the  structure  1-1/2  years  after  implant  during  a 
series  of  dynamic  perturbation  tests.  However,  it  is 
believed  this  short  occurred  at  one  of  the  termination 
points  and  not  in  any  of  the  KM  cables. 

The  mechanical  l)YNA<IRIP  terminations 
performed  satisfactorily.  No  slippage  between  the 
cable  and  termination  occurred  under  load,  and  no 
damage  was  done  to  any  of  the  electrical  conductors 
by  the  terminations.  A potential  problem  with  the 
ends  of  the  DYNA-CIRIP  digging  into  the  cable 
jacket,  which  could  have  damaged  the  electrical  con- 
ductors, was  avoided  by  placing  a protective  flared 
shield  between  the  cable  and  the  end  of  the  DYNA- 
GRIP, 

Findinfp  and  Condusiont 

1.  The  3x19  and  3x24  torque-balanced  wire  ropes 
used  to  construct  the  SKACON  II  structure 
performed  well  structurally  and  were  convenient  to 
deploy  and  recover.  Iioth  from  a winch  stowage  unit 
and  figurc-ciglitcd  in  a box. 


2.  No  electrical  faults  developed  in  the  3x19  and 
3x24  EM  cables  during  the  22*month  implant. 

3.  The  !)YNA-<!RIP  terminations  performed  satis- 
factorily without  any  slippage  occurring  between  the 
terminations  and  the  cables  and  without  damaging 
the  cables  or  elcctric.il  conductors. 

Recommendations 

1.  The  3x19  mechanical  or  EM  cables  and  the  3x24 
KM  cable  an.*  recommended  as  excellent  torque- 
balanced  cables  for  use  in  ocean  engineering 
applications. 

2.  EM  cables  to  be  used  in  ocean  construction  should 
be  backfilled  with  freshwater  to  fill  all  voids  and  to 
reduce  the  corrosion  rate,  and  they  should  be  pres- 
surized to  permit  any  electrical  faults  in  the  cable  to 
be  detected. 

3.  The  DYNA-tlRIP  terminations  are  recommended 
as  an  excellent  tennination  method  for  mechanical  or 
KM  cables.  Testing  of  the  specific  termination  size 
specified  for  the  cable  to  lie  used  is  recommended  to 
insure  proper  performance. 


ELECTRICAL  BREAKOUTS  AND 
ELECTRICAL  TERMINATIONS 


waterproof  to  pressures  of  3,000  psi  and 
temperatures  to  O^’C. 

• The  technique  must  be  able  to  be  done  at  sea 
in  a relatively  short  period  of  time  and  with  no 
special  equipment. 

• The  splices  must  survive  in  the  ocean  at  depths 
to  3,000  feet  for  a minimum  of  2 years. 

Splicing  Materials  and  Techniques 

Epoxy  Resin,  rhere  were  several  epoxy  resins 
tried.  Roth  the  one- and  two-part  epoxies  were 
unsuccessful  in  bonding  to  the  polyethylene.  This 
approach  was  discarded  early  in  the  project  and  will 
not  be  discussed  further. 

Hut-Melt  Ailhctivcs.  A second  mcthfxl  involved 
use  of  a hot-melt  adhesive.  The  manufacturer  of  the 
hot-melt  material  is  USM  Chemical  Company,  Bostik 
Division,  and  the  trade  name  is  Thermogrip  Adhesive 
No.  4315.  This  sealant  was  recommended  because  of 
its  application  for  scaling  polyethylene-coated  boxes. 

The  technique  for  using  the  hot-melt  adhesive 
involves  first  removing  the  Kynar  coating  from  the 
electrical  conductors,  leaving  only  the  polyethylene 
insulation.  The  Thermogrip  material  is  melted  and 
poured  into  a mold  covering  the  electrical  splice. 
When  cold,  the  mold  is  removed,  and  the  hot-mcit 
material  is  rigid  (see  l•■igure  3-6). 


Design  Criteria 

The  design  of  the  electrical  breakouts  and 
terminations  addn;s.scd  two  basic  are.xs; 

• The  termination  of  the  electrical  conductors  xs 
they  exit  the  bitter  end  of  the  clccirotncch- 
anical  (EM)  cables. 

• The  in-line  splicing  at  all  lucaiions  on  the  E.M 
cables  where  there  arc  to  be  instrument 
stations. 

The  design  criteria  were  straightforward: 

• The  technique  must  be  capable  of  rendering 
coiuliiitois  with  a crovs-linkeil  polyalkcne 
(polyethylene)  primart*  insulation  and  a crim- 
linked  poly(\iin  lidcne  fluoride)  (Kynar)  jacket 


Didcciric  Scaling  Ruldrcr.  The  third  technique 
tried  used  a dielectric  scaling  rubber  manufactured  by 
A.MI*  Products.  This  dielectric  rublicr  has  the 
characteristic  of  remaining  malleable  at  temperatures 
from  0»r.  to  250«c:. 

Before  applying  tlie  .-\MP  rubber,  the  Kynar  is 
removed  from  the  conductor  to  be  tcmiinated.  and 
the  surface  is  cleaned.  The  dielectric  scaling  rubber  is 
then  formed  around  the  splice  or  tennination  area, 
and  a protective  coating  or  covering  is  put  over  the 
rubber  to  keep  it  in  place.  The  coverings  tried 
included  vinyl  tape  and  heat-shrinkable  tubing.  The 
hcat-sh linkable  tubing  worked  well.  Irccause  the  AMP 
rublicr  was  not  adversely  affected  In-  the  heat,  and, 
when  the  tubing  shrunk,  it  forced  the  niblicr  into  any 
remaining  voids  in  the  comluctor  splice  areas,  Pigure 
3-7  shows  several  completed  tee  splices. 
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Figure  3*6.  Tec  splice  made  with  hot-melt 
adhesive  material. 


Figure  3*7.  Tee  splices  made  with  dielectric 
scaling  rubber. 


Testing  Procedures 

Testing  was  conducted  to  determine  the  most 
reliable  and  convenient  method  of  splicing  and 
terminating  a cross-linked  poiycthyicnc-insulatcd  con- 
ductor. The  two  basic  splice  types  tested  were  a 
straight  splice  where  two  single  conductors  arc 
connected  and  a tee  splice  where  three  conductors  are 
joined. 

The  testing  procedures  were  the  same  for  all 
splicing  and  termination  techniques  and  consisted  of 
electrical  insulation  to  ground  measurements  at 
varying  pressuics,  temperatures,  and  voltages.  All 
tests  were  conducted  in  the  CKI.  pressure  vessel 
facility. 

The  testing  pressure  raided  from  0 to  3,000  psi 
and  ihc  temperature  from  0®C  to  18®C;  the  test 
voltage  was  1,600  volts  I)C  or  I.OW)  vohs  .AC.  A sam- 
ple was  considered  failed  if  the  insulation  resistance 
fell  Ik-Iow  250  .Mf2. 

Test  specimens  were  made  us'-.g  both  the 
Themmyrip  hot-melt  material  and  the  /VMP  dielectric 
rublier  sealant.  In  preparing  the  specimens  the  poly- 
cthyiere-insulaicd  conductors  were  spliced  to 


neoprene-insulated  pigtails  terminated  in  singic-pin 
underwater  electrical  connectors.  These  were 
connected  to  penetrators  in  the  pressure  vessel  head 
to  permit  one  to  monitor  the  performance  of  the 
specimens  while  under  pressure. 

Results  and  Discusiiion 

The  hot-melt  method  was  found  to  be  erratic  in 
performance.  It  was  also  more  difficult  and 
time-consuming  to  use  than  the  AMP  rubber;  ihcrc- 
forc,  it  was  discarded  in  favor  of  concentrating  on 
AMP  rubber  splice  development.  However,  it  was  also 
found  to  be  fairly  difficult  and  time-consuming  to 
make  reliable  tec  splices.  Therefore,  it  was  decided  to 
purchase  prcmolded  tee  splices  off-the-shelf  and  to 
use  the  developmental  splice  technique  only  for 
straight  splices. 

The  AMP  splices  were  tested  over  a 6-month 
period.  During  that  time  less  than  2%  of  the  straight 
splices  failed.  These  splices  were  made  under  varying 
conditions  from  at-sea  to  in  the  laboratory.  Minor 
variations  were  made  on  the  splice  technique,  mainly 
with  the  shrinkable  boot  arrangc:nent. 


33 


Findingi  ind  Condufionf 


A.MH 
rubticr 
on  all 
the 

interior 
area  untkr 
3/WHn. 
tubing 


Kiniec  neoprene  jacket, 
no.  16  electrical  wire, 
tingle-pin  female  connector 


3/16in..S(:L  i<uai-iv?ll 
thrinkable  tubing 


1/8-in.  SCL  sleeves  (2) 
shrunk  over  no.  22 
Kaychem  wire,  Kyntr 
removeti 


No.  22  Kaychent  Polyolefin/ 
K>-nar-coale<l  electrical  wire 


^•igurc  3-8.  Splicing  technique  using  AMI' 
dielectric  scjiant  confined  with 
hcat-shnnkahic  hoots. 

Ileforc  settling  on  the  c.sact  technique  to  adopt 
for  the  SI-iAfiON  II  icrmination  and  splicing,  a final 
test  sample  lot  of  50  straight  splices  was  m,idc.  These 
splices  were  tested  in  the  pressure  vessel  and  then 
placed  in  the  oce.iri  in  shallow  w.iter  for  3 months.  At 
the  i-nd  of  these  tests  only  one  sample  h.i<l  failed.  The 
failure  occurred  in  the  ocean,  hut  it  is  unknown  if  it 
was  caused  h\  iiKchanic.il  damage  or  by  poor  splicing 
technique. 

The  .\MI’  dielectric  sealant  confined  with  hcat- 
shrinkalilc  hoots  (l-'igurc  3-8)  was  used  exclusively  for 
all  end  tcrtnin.Tiions  and  in-linc  sphccs  of  the 
SKA<T)\  II  liM  calilcs.  fXcr  1 (HI  splices  were  used  in 
the  system.  Appro.vimatcly  one-quarter  of  these  were 
made  .it  sea  dimng  the  implant  operation.  No  faiUircs 
of  the  splices  occurred  during  the  22  month  implant- 
ment  period. 


1.  A simple  and  reliable  technique  was  developed  for 
terminating  and  splicing  electrical  conductors  with 
cross-linked  polyethylene  insulation. 

2.  Itccausc  of  its  simplicity  and  rdiabila^  this 
technique  is  also  an  excellent  choice  for  use  on 
easier-to-bond-to  materials,  such  as  polyurethane  or 
neoprene,  especially  under  field  conditions. 

Recommendations 

Whenever  possible  one  should  avoid  the  use  of 
polyethylene  insulation  where  splices  will  be  in  an 
underwater  environmetit.  If  this  is  not  possible,  the 
method  developed  herein  is  reliable  and  simple,  uses 
off-the-shelf  materials,  and  requires  no  special  equip- 
ment. 


ANCHORS 
Design  Criteria 

To  meet  system  rcquircmcnis  it  was  decided  to 
live  two  separate  classes  of  anchors  to  moor  the 
ShACON  II  structure.  The  classification  was  based  on 
whether  or  not  a crown  line  was  needed  for 
insiallatioR  and  recovery  of  the  anchor.  Two  of  the 
anchors  were  to  be  used  without  a crown  line  and  the 
third  one  with  a crown  line. 

If  feasible,  either  the  deep  water  explosive  embed- 
uwnt  anchor  or  vibrating  emlKdmcnt  anchor,  both 
iKiPg  dcvclo|Kd  In-  Cl-il.,  would  be  used  without 
crown  hnes  to  anchor  two  legs  of  the  trinioor.  To 
uK-et  » sin  requirements  the  anchots  had  to  resist 
piilloiii  under  a long-term  (2-ycar)  static  load  of 
3,(HH)  psiunds  applied  at  a 10-degrcc  angle  with  the 
seafloor  and  short-term  (30-minute  durattonl  vertical 
fu.ids  up  to  lO.(KN)  pounds  that  might  be  applied 
during  construction.  It  was  expected  that  if  the 
sliort-tcrm  requirement  could  he  met.  the  long-term 
one  also  would  Ik  met. 

The  third  anchor  to  Ik  used  with  a crown  line  had 
to  proude  a platform  for  a power  system  contained 
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in  a 5-foot-square  by  4-foot-higli  box.  For  handling 
purposes  it  could  not  be  larger  than  10  feet  square  by 
4 feet  high.  The  anchor  had  to  be  stable  under  a static 
vertical  load  of  8,500  pounds  and  a horizontal  load  of 
1,000  pounds.  The  maximum  allowable  tilt  the  equip- 
ment on  the  anchor  could  sustain  was  15  degrees. 


Concepts  Investigated 


Anchor  Descriptions 


The  deep  water  explosive  embedment  anchor 
depicted  in  Figure  3-9  was  used  to  moor  two  legs  of 
the  SFACON  II  trimoor.  The  anchor  .isscmhly  weighs 
about  1.500  pounds  and  can  be  safely  liandlcd  with 


safe-and-arm  device 


breech  block 


The  explosive  and  vibratory  embedment  anchors 
were  both  investigated  for  mooring  two  legs  of  the 
structure.  The  vibratory  anchor  was  rejected  based  on 
evaluation  tests  conducted  in  6,000  feet  of  water. 
The  major  weakness  in  the  system  was  that  the 
installation  ship  had  to  station-keep  very  accur?  ely 
for  up  to  1 hour  while  the  fluke  was  t>eing  vibrated 
in.  If  the  ship  moved  significantly,  the  anchor  support 
frame  would  overturn,  preventing  the  anchor  from 
embedding. 

In  order  to  evaluate  the  suitability  of  the 
explosive  embedment  anchors  and  determine  the 
proper  fluke  size,  embedment  anchor  tests  were 
performed  at  the  SKACON  II  site.  Short-term 
pullouts  of  30,000  and  27,000  pounds  for  the  1-1/2  x 
3-foot  and  2 x 4-foot  flukes,  respectively,  were 
obtained.  Based  on  analysis  of  the  test  data  it  was 
determined  that  the  c.xplosivc  embedment  anch.,/ 
would  meet  all  design  criteria  for  anchor  installatio.-. 
without  a crown  line. 

The  only  concept  considered  feasible  to  meet  the 
design  criteria  for  the  anchor  with  a crown  line  and  to 
also  double  as  a platform  for  the  power  system  was  a 
clump-type  anchor.  Uplift  resistance  is  provided  by 
dead  weight.  Kxccss  tilt  or  settlement  is  prevented  by 
having  sufficient  bearing  area  to  spread  the  load  or  by  j 
founding  part  of  the  foundation  deep  enough  so  only' , 
competent  soils  arc  loaded.  Lateral  resistance  is. 
provided  by  a keying  skirt  around  the  perimeter  or  by 
piles.  Since  piles  pose  installation  problems,  it  was 
decided  the  design  criteria  could  be  satisfied  by  using 
a spread  footing  with  a perimeter  skirt. 


gun  barrel  ' 


shear  pin  link 


shear  pin 
piston  extension 


power  package 


bearing  plate 


reaction  vessel 


down-haul  cable 
piston 


7 Ml 

ion  I r:\ 


magnetic  switch 


magnet 


sediment  fluke 


toucnduwn  probe 


I igurc  3-9.  Schctn.UK  of  deep  ocean  embedment 
anchor. 
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the  1 /2-inch-diameter  wire  rope  mooring  legs.  The 
downhaul  cable  that  is  attached  to  the  fluke  and 
penetrates  the  water-sediment  interface  (a  potentially 
high  corrosion  area)  is  a 3/4-inch-diamcter  line.  The 
anchor  reaction  vessel  and  gun  barrel  assembly  were 
attached  to  a hook  on  the  mooring  line  that  was 
designed  to  release  during  the  setting  of  the  anchor 
fluke,  thereby  allowing  the  assembly  to  fall  free. 

The  clump  anchor  has  an  air  weight  of  16,000 
pounds  and  an  in-water  weight  of  12,500  pounds. 
The  anchor  is  composed  of  a 7-foot  by  8-foot  by 
2-1 /2-inch-thick  steel  base  plate  with  a 5-foot  by 
6-fcot  by  4-foot-high  container  mounted  on  top.  This 
container  was  filled  with  concrete  around  the  cavities 
molded  into  the  concrete  to  contain  the  radioisotope 
thermoelectric  generator  (RTG)  and  other  electronic 
and  power  equipment.  A metal  skirt  around  the 
perimeter  of  the  anchor  extended  6 inches  below  the 
anchor  base  plate  to  key  the  anchor  in  the  sediment. 

Anchor  Performance 

The  two  explosive  embedment  anchors  used  in 
the  trimoor  plus  a third  one  used  to  anchor  the 
single-point  construction  mooring  buoy  were  installed 
routinely  during  a single  work  day.  No  problems  were 
experienced  with  them,  cither  during  installation  or 
the  nearly  2-ycar  life  of  the  structure.  During  an 
inspection  of  SEACON  II  with  the  CURV  II  vehicle, 
embedment  anchor  A2  was  discovered  to  be 
embedded  only  8 feet.  However,  when  the  structure 
was  recovered,  mooring  leg  L2  parted  at  a load  of 
19,000  pounds  without  breaking  the  A2  anchor  fluke 
out  of  the  bottom.  In  contrast,  anchor  A1  pulled  out 
at  a load  of  3,500  pounds  although  a 10,000-pound 
load  had  been  used  to  set  anchor  A 1 during  implant. 
As  discussed  earlier,  other  evidence  indicated  a deep 
trawl  had  become  entangled  with  leg  LI,  ripped  the 
cable  jacket,  and  apparently  nearly  failed  the  anchor. 

The  reaction  vessel  at  anchor  A1  was  found 
attached  to  the  recovered  mooring  line.  Apparently 
due  to  an  oversight  during  the  installation  process  a 
safety  wire  had  not  been  removed  from  the  release 
hook  on  the  mooring  line  to  allow  it  to  operate.  I'hc 
reaction  vessel  simply  acted  as  a small  deadweight 
anchor  in  scries  with  the  embedded  fluke.  However, 
there  was  no  evidence  of  damage  due  to  the  reaction 
vessel  remaining  attached. 


The  explosive  embedment  anchor  on  the  con- 
struction moor  underwent  the  most  rigorous  testing 
during  the  2-year  implant.  The  mooring  had  a scope 
of  only  1.4:1.  Numerous  vessels  the  sir.e  of  CEL’s 
warping  tug  (120-foot  by  135-foot  beam)  and  smaller 
moored  to  it.  On  one  occasion  in  a sea  state  5-6 
condition,  a 70-foot-long  deep  sea  fishing  vessel  rode 
on  the  moor  for  a day. 

During  the  structure  recovery  operation  the  con- 
struction mooring  anchor  was  pulled  out  while  load 
and  displacement  were  monitored.  Figure  3-10  shows 
the  Precision  Depth  Recorder  record  from  a pingcr  on 
the  mooring  line  during  pullout.  The  record  of  direct 
and  reflected  pinger  pulses,  depicted  as  the  two  dark 
lines,  indicates  the  height  of  the  pingcr  above  the 
bottom.  As  the  anchor  fluke  exits  the  seafloor,  it  is 
detected  by  the  acoustic  signal  reflected  off  it. 
Correlating  these  displacement  data  with  the  load 
record  yields  Figure  3-11,  the  load-displacement 
curve  for  the  short-term  anchor  pullout.  This  record 
indicates  the  embedment  depth  of  the  set  fluke  was 
approximately  30  feet.  After  the  anchor  was  moved 
to  mobilize  the  maximum  resistance  of  the  sediment, 
a peak  load  of  approximately  27,000  pounds  was 
recorded,  well  in  excess  of  the  nominal  20,000-pound 
design  capacity  of  the  anchor. 

The  embedment  depth  for  the  anchors  ranged 
from  8 to  30  feet.  Maximum  pullout  resistance 
ranged  from  3,500  to  27,000  pounds.  Discounting 
the  low  pullout  reading  on  anchor  A1  because  of  the 
evidence  it  had  been  heavily  loaded  by  an  entangled 
trawl,  the  peak  pullout 'range  was  from  at  least 
19,000  pounds  for  leg  L2  that  parted  during  pullout 
to  27,000  pounds  for  the  construction  moor  anchor. 

The  sediment  samples  from  the  flukes  of  the  two 
recovered  embedment  anchors  were  very  different 
from  one  another.  As  discussed  in  the  site  investiga- 
tion section  the  evidence  shows  considerable  areal 
variability  exists  in  the  sediment  at  the  SEACON  II 
site.  The  site  variability  probably  caused  the 
significant  differences  in  embedment  depth  attained 
by  the  flukes. 

The  16,500-pound  clump  anchor  performed 
satisfactorily.  There  was  no  evidence  of  significant 
lateral  movement  of  the  anchor  during  the  implant 
period  based  on  acoustic  transponder  navigation  fixes 
obtained  periodically.  The  vertical  perimeter  keying 
skirt,  which  was  designed  to  provide  lateral  stability. 
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Hgure  3-10.  Precision  depth  recorder  record  of  pingcr  on  mooring  line  during  pullout  test. 

Difference  between  two  distances  marked  on  record  indicates  .anchor  penetration 


appeared  to  have  embedded  evenly  as  evidenced  by 
the  mudline  on  the  clump.  The  mudlinc  also  indicates 
the  clump  did  not  settle  significantly.  In  fact,  at  some 
locations  on  the  perimeter,  the  mudlinc  was  not  quite 
even  with  the  bottom  of  the  7-foot  by  8-foot  base 
plate,  apparently  indicating  the  vertical  load  was 
being  carried  by  the  perimeter  skirt  and  only  part  of 
the  base  plate  area. 

Findings  and  Conclusions 

1.  The  explosive  embedment  anchors  were  very 
convenient  to  install  and  provided  a satisfactoiy  moor 
for  the  SKACON  II  trimoor  and  single-point  construc- 
tion moor  for  a 2-ycar  period. 

2.  Two  of  the  three  embedment  anchors  essentially 
met  or  exceeded  the  nominal  20.000-pound  holding 
capacity  goal  for  the  anchors  and  met  design  goals  for 
the  SV.ACON  II  structure.  Disturbance  of  the  third 
anchor,  apparently  due  to  entanglement  of  leg  I.I 


with  a trawl,  prevented  determination  of  maximum 
pullout  resistance  for  it. 

3.  A large  variation  in  anchor  embedment  depth 
occurred  which  was  probably  due  to  the  wide 
variation  in  sediments  present  at  the  site.  This  did  not 
appear  to  seriously  affect  anchor  holding  capacity. 

4.  An  oversight  during  implant  which  allowed  one 
anchor  reaction  vessel  to  remain  on  the  mooring  line 
appeared  to  cause  no  damage  to  the  line. 

5.  I he  embedment  anchor  for  the  construction  moor 
was  able  to  sustain  repeated  dynamic  loads  estimated 
to  be  in  excess  of  10,000  pounds  with  no  adverse 
effect  on  the  moor. 

Kccommcndations 

1.  Continue  development  of  the  explosive  embed- 
ment anchor  so  that  it  can  be  used  in  the  Meet  in 
other  than  very  exotic  applications. 
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iMgurc  3-11.  Load-displacement  record  for  short-term 
pullout  test  on  mooring  line  embedment  anchor. 
Record  indicates  embedment  depth  is  30  feet  and 
peak  pullout  load  is  27,000  pounds. 

2.  Continue  obtaining  field  data  on  explosive  embed- 
ment anchor  performance  to  allow  more  confident 
application  of  short-term  test  data  to  expected  long- 
term anchor  performance. 


Design  Criteria 

The  major  buoyancy  elements  were  required  to 
be  highly  reliable  against  failure  due  cither  to  over- 
stressing or  slow  leakage,  l-ailure  of  any  of  the  four 
major  buoys  would  have  been  catastrophic  to  the 
SKACON  II  experiment.  The  four  major  buoys  were 
to  be  spherical,  because  it  is  the  most  efficient  shape 
to  resist  hydrostatic  pressure  and  the  least  expensive 
to  design  and  fabricate.  The  net  buoyancy  of  the 
node  buoys  was  to  be  approximately  1,700  pounds 
each,  and  it  had  to  remain  constant  (within  1%)  over 
the  2-ycar  design  life,  since  accurate  knowledge  of  the 
buoyancy  was  essential  to  a successful  validation 
experiment.  It  was  also  desired  to  minimize  the  node 
buoy  size  so  that  the  drag  force  on  the  buoys  would 
be  a small  percentage  of  the  total  drag  on  the  struc- 
ture. A cavity  in  the  interior  of  the  buoys  was 
required  to  contain  instrumentation  housings. 

The  instrumentation  housings  also  had  a require- 
ment for  high  reliability  against  leaking  or  being 
overstressed.  However,  a single  failure  would  not  be 
catastrophic  to  the  SEACON  II  experiment  because 
of  redundancy  and  electrical  isolation  of  the  elec- 
tronics canisters.  Minimizing  size  and  weight, 
providing  a convenient  shape  for  packaging  the  elec- 
tronics, and  designing  for  ease  of  access  to  the 
interior  of  the  housings  were  all  considered  important 
design  criteria. 


3.  Continue  obtaining  field  data  on  e.xplosive 
embedment  anchor  performance  under  dynamic 
loading  conditions,  var)  ing  the  loading  frequency  and 
the  ratio  of  dynamic  load  to  expected  maximum 
long-term  pullout  load. 

BUOYANCY  AND  INSTRUMENTATION 
HOUSINGS 

The  SEACON  II  trimoor  had  four  major 
buoyancy  elements:  one  at  the  upper  end  of  each  leg 
(node  buoys),  and  one  at  the  top  of  the  crown  line 
(crown  buoy).  Additional  buoyancy  was  provided  by 
the  instrumentation  hous-.ngs  located  in-line  and  in 
the  node  buoys  and  crown  buoy. 


Ca)nccpts  Investigated 

Syntactic  foam  and  steel  were  the  two  prime 
material  candidates  for  constructing  the  node  buoys. 
Both  materials  would  result  in  buoys  approximately  5 
feet  in  diameter  that  could  easily  be  designed  to 
accommodate  the  instmmentation  housings.  The 
foam  buoy  posed  more  problems  in  terminating  the 
cables  than  the  steel  buoy  did.  However,  syntactic 
foam  appeared  less  likely  than  steel  to  sustain  a 
catastrophic  failure.  A syntactic  foam  material  that 
could  be  fabricated  into  buoys  at  a cost  comparable 
to  steel  buoys  was  found.  Although  the  manufacturer 
claimed  less  than  1%  water  absorption,  users  of  the 
foam  had  experienced  considerably  more  than  the  1% 
[3-3).  Because  unknown  buoyancy  change  due  to 
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I'igurf  3-12.  Node  buoys  being  delivered  to  CKL  pressure  vessel  for  pressure  tests  and 
buovanev  measurements. 


water  absorption  was  unaeceptable,  it  was  decided  to 
fabricate  the  node  buoys  from  steel,  using  faltrieation 
and  testing  methods  tliat  would  give  high  assurance  of 
integrity. 

B.ased  on  the  same  reasoning  as  for  the  node 
buoy.s,  it  was  also  tlecitled  to  fabricate  the  crown 
buoy  of  steel. 

The  choices  of  shapes,  materials,  anti  configura- 
tions for  instrument  housings  narrowed  tjuickly.  To 
be  in  concert  with  the  mcchanic.il  guidelines  .adopted 
for  design,  it  w.xs  decided  to  fabricate  the  housings  of 
steel.  A ct'hndrieal  shape  with  one  removable  cml  w.is 
also  selectetl  ,is  (he  most  convenient  form  for 
pack.iging  and  accessibility  to  the  electronics. 

Kiioyaney  and  Instriiincntation 
Mousing  Descriptions 

The  node  buoys  (l■■igllre  3-12)  were  5-l/2-foot- 
tliameter  steel  spheres,  weighed  about  3,(M(0  pounds 


in  air,  and  had  a net  buoyancy  in  seawater  of  about 
I,7(K)  pounds.  The  crown  buoy  was  an  8-foot- 
diameter  steel  sphere,  weighed  appro.vimatcly  5,000 
pounds  in  air,  and  had  a net  buoyancy  of  .about 
12,000  pounds.  All  the  buoys  were  designed  and 
fabricated  according  to  the  AS.MK  Boiler  and  Pressure 
Vessel  Code.  Section  VIII.  Division  II.  This  required 
full  penetration  welds  inside  and  out.  .\-ray  inspection 
of  all  welds,  and  hydro-testing  of  the  completed 
buoys. 

Bach  node  buoy  contained  a closcd-ended  c.ivity 
in  which  the  node  instrumentation  canister  was 
located.  The  crown  buoy  had  a pipe  through  the 
center  for  stowing  the  crown  buoy  instrumentation 
canister;  this  pipe  also  acted  as  a .strength  member 
through  the  buoy.  The  cable  termination  canisters 
(I'igiire  3-1 3)  were  bolted  to  the  bottom  of  each  node 
buoy  to  make  the  buoys  more  stable  during  implant. 
Two  hori/ontal  arms  aiul  one  leg  were  attached  to 
each  termination  canister  in  a bail  joint  connection: 
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Figure  3-13.  Cable  temiination  canister  mounted 
on  node  buoy.  I lydropbone  visible  at  base  of 
canister.  Tliree  DYNA-GKII*  ball  joints 
terminate  at  canister. 

the  electrical  cables  were  fed  tbrough  the  middle  of 
the  ball  joint  to  the  instrumentation  housing. 

The  cylindrical  instrument  housings,  which  were 
located  at  the  node  and  crown  buoys,  were  designed 
with  dual  O-rings  - one  barrel  and  one  face  seal  - on 
their  covers  to  incrc.-isc  reliability  against  flomling. 
Single  barrel  seals  were  used  on  the  housings  that 
were  le.ss  critical.  All  of  the  housings  were  pressure- 
tested  prior  to  installing  the  electronics  to  further 
insure  against  failure. 

The  design  and  performance  of  the  corrosion 
protection  system  for  the  buoys  and  housings  arc 
presented  in  Appendi.x  A. 


Results  and  Discussion 

After  the  node  buoys  were  delivered  from  the 
fabricator,  the  access  hatches  were  removed  to 
inspect  the  O-rings  and  0-ring  surfaces.  It  was  found 
that  these  areas  had  not  been  protected  when  the 
buoys  were  sandblasted  prior  to  painting.  The  result 
was  serious  pitting  of  the  0-ring  grooves.  To  correct 
the  problem  it  was  necessary  to  weld  the  hatches 
shut.  Despite  this  initial  problem  all  of  the  buoys 
pcrfornried  satisfactorily.  No  evidence  of  overstressing 
on  any  part  of  the  buoyancy  assemblies  was  noted, 
and  no  water  leakage  occurred.  As  noted  in  Appendix 
A no  significant  corrosion  was  found  on  any  part  of 
the  buoyancy  elements.  Terminating  the  cables  at  the 
bottom  of  the  node  buoys  worked  well.  The  buoys 
were  stable  in  the  water,  and  no  tendency  to  twist  or 
entangle  the  cables  was  noted. 

All  but  one  of  the  11  instrument  housings 
performed  satisfactorily.  As  discussed  in  the  implant 
description  one  of  the  midlinc  hydrophone  canisters 
leaked  as  soon  as  it  was  installed  and  quickly  flooded. 
I^ter  inspection  determined  the  leak  was  probably 
due  to  an  improperly  tightened  bulkhead  electrical 
penctrator.  There  appeared  to  be  no  fault  in  the 
design  of  the  housing.  The  housing  located  in  the 
crown  buoy  was  opened  and  closed  and  installed 
more  than  a hundred  times  without  sustaining  any 
icakrge. 

Findings  and  Conclusions 

1.  To  ntcct  the  design  criteria,  steel  was  selected  as 
the  material  for  the  four  major  buoyancy  elements  in 
the  .SKACON  II  structure.  A serious  drawback  to 
using  the  other  major  candidate,  syntactic  foam,  was 
its  water  absorption. 

2.  Ily  using  the  AS.Mli  Boiler  and  Fressure  Vessel 
Code,  .Section  VIII,  Division  II,  buoys  were  designed 
and  fabricated  that  maintained  struetur.il  integrity 
and  did  not  leak  during  an  installation  pcric.1  of 
nearly  2 years. 

3.  The  design  of  the  instniment  housings,  which  usetl 
both  double  and  single  0-ring  se.ils,  worked 
satisfactorily.  I he  crown  buoy  canister  with  a double 
O-ring  seal  was  opened  and  closed  in  excess  of  KM) 
times  without  leakage  occurring. 
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Recommendation 

Syntactic  foams  that  arc  presently  available  on 
the  market  should  be  evaluated  to  determine  how 
well  they  meet  manufacturers’  claims  and  what 
development  efforts,  if  any,  should  be  supported  to 
reduce  cost  and  improve  quality  control. 


SECTION  3 - STRUCTURE  RESPONSE 
MEASUREMENT  SUBSYSTEM 


The  instrumentation  for  the  SEACON  II  structure 
was  designed  to  measure  the  response  of  the  structure 
to  the  ocean  environment  expected  at  the  site.  The 
measurement  accuracies  of  the  instruments  were 
specified  based  on  the  results  of  the  parametric 
analysis  described  earlier.  Instruments  were  located  at 
all  major  nodal  points  on  the  structure  and  at  a 
limited  number  of  intermediate  locatio.ts  to  com* 
pictely  define  the  response  of  the  structure. 
Redundant  measurements  were  provided  to  insure 
sufficient  data  would  still  Ik  obtained  in  the  event 
some  equipment  failures  occurred. 

The  instrumentation  was  designed  to  make  three 
types  of  measurements  automatically  as  often  as  4 
times  per  hour:  acoustic  po.sition,  pressure  (depth), 
and  tension.  The  three-dimensional  acoustie  position 
measuring  system  was  the  primarj'  source  of  rc.sponsc 
data  for  validating  the  computer  program.  The 
pressure  or  depth  sensors  were  designed  to  provide 
redundant  data  as  a backup  to  this  system.  Tension 
measurements  provided  an  independent  backup 
method  to  determine  structure  response  in  ease  the 
acoustie  positioning  system  did  not  operate  or  did 
not  meet  accuracy  requirements. 

The  response  measurement  subsystem  included 
not  only  the  instruments  for  making  the  desired 
mca.surcments  but  all  of  the  supporting  equipment, 
including  control  and  recording  hardware  and  power 
equipment, 


DESIGN  CRITERIA 

The  design  criteria  for  the  structure  response 
measurement  subsystem  arc: 


• The  three-dimensional  location  of  the  posi- 
tioning stations  on  the  structure  should  be 
measured  to  a relative  accuracy  over  a period  of 
days  of  ±1  foot. 

• Pressure  at  instrument  stations  should  be 
measured  to  a relative  accuracy  of  ±0.25  psi 
(approximately  ±0.6  foot). 

• Tension  should  be  measured  to  a relative 
accuracy  of  ±5  pounds. 

• All  data  to  be  automatically  recorded  once  each 
hour  with  the  capability  to  decrease  cycle  time 
to  2 or  4 times  per  hour.  Each  complete  scan  of 
data  should  require  less  than  5 minutes. 

• A capability  should  be  provided  to  obtain 
position  data  from  selected  stations  at 
30-second  intervals. 

• Data  recorder  and  as  much  other  electronic 
equipment  as  practicable  should  be  housed  in 
crown  buoy  canister,  which  is  SCUBA-diver 
recoverable  for  servicing. 

• The  recording,  control,  and  power  system, 
located  in  the  crown  buoy  should  operate  a 
minimum  of  1 month  unattended  at  a sampling 
rate  of  1 cv’clc  per  hour. 

• The  power  equipment,  e.\cept  that  portion 
located  in  the  crown  buoy,  should  operate 
unattended  for  2 years  with  automatic  cycling 
once  each  hour. 

• The  overall  system  power  must  have 
redundancy  and  also  be  capable  of  operating  on 
surface-supplied  power.  Individual  instruments 
need  not  meet  requirements  set  for  the  overall 


MEASUREMENT  EQUIPMENT 
Acoustic  Positioning 

The  acoustic  positioning  network  was  designed  to 
measure  the  slant  range  distances  from  three  .acoustic 
projectors  (IM,  P2.  and  P3)  to  each  of  sesen  hydro- 
phones located  at  data  acquisition  canisters  A 
through  G (I'igurc  3-14).  To  achicse  a relative 
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I•igurc  J'14.  I.ocatiun  «f  SHACON  II  instrunicnt  station'. 


accuracy  of  better  than  ±1  foot  from  one  measure- 
ment cycle  to  the  nc.Nt  over  a Ion)!  period  of  tinK'.  it 
was  necessary  to  take  tiiree  type-s  of  measurements- 
gross  distance,  refineil  distance,  and  sound  u-hn-tty. 

firms  Distance  iMcasurcment.  The  gross  distance 
mca-surements  itetween  the  projectors  and  hydro- 
phones were  accomplished  by  using  an  acoustic  pulse 
technique  in  sshich  the  transmission  of  a pulse  from 
each  projector  to  each  hydroplionc  is  timed,  l-igure 
3-15  shows  the  sequence  of  events  that  take  place  in 
making  this  measure-ment. 

To  prtMitice  a pulse  at  a projector,  power  is  first 
applied  to  a tin-ing  signal  generator  located  in  the 
crown  buoy  canister.  At  time  T„  the  timing  signal 
generator  supplies  a positive  voltage  output  signal  for 
a perioil  of  100  ms  (l•■^guri•  3-1 5a).  The  signal  is 
processed  and  uhiI  t<i  contred  gates  such  that  a 
frequeney-motiulaied.  14.5-kll/  electrical  output  of  a 
s.iltage-controllcd  oscillator  (N'CO)  is  applied  to  one 
or  the  projectors  (l-igiire  3-I5M  through  the 


projector  c.able.  At  the  projector,  the  signal  is 
comx-rted  from  an  eicctricai  to  an  acoiistie.al  signal 
and  is  projected  (l-igure  3-1 5c). 

Also,  at  time  T„  the  timing  signal  generator 
activates  a frequency  cycle  counter  which  starts 
counting  the  lO-kllr.  signal  generated  hy  the  timing 
signal  generator  'I  he  count  continues  until  the 
projected  acoustic  signal  reaches  the  listening  hydro- 
phone at  time  T^.  where  it  is  converted  to  an 
electrical  signal,  amplified,  and  transmitted  to  the 
crowii  buoy  canister  through  the  l'..M  cables  (l-igure 
3-1 5d).  The  le.iding  edge  of  this  signal  from  the 
hydrophone  is  used  to  generate  a "stop  time"  pulse  at 
time  (l-igure  3-1 5e).  This  pulse  signals  the  cycle 
couiiter  ts>  stop  counting  and  to  record  the  number  of 
cycles  counted  during  the  time  K-tween  start  jnd 
stop  pulses.  The  number  of  cysles  is  convertetl  to 
time.  These  time  measurement  and  sound  \elocii\ 
data  -ire  used  it»  compute  the  slant  range  distance 
iH-twccn  projector  ami  hvdrophoiu-  to  an  accuracy 
Iwttcr  than  t feet 


Kcfincd  Distance  Measurement.  A pha.se 
comparison  technique  was  utih/ed  u>  reduee  the  error 
inherent  in  the  gross  distance  ineasua'ment.  A 
lOO-llcrt/.  square  wave  from  the  timing  signal 
generator  niixluiatcs  the  14.5-kllr.  .signal  to  the  pro- 
jector and  is  also  applied  to  one  input  of  a phase 
comparator.  The  mt.>dulated  pulse  is  iransmirtcil  by  .1 
projector,  received  at  a hydrophone,  transnnttcd 
electrically  to  the  crown  buoy  canister,  ami  applied 
to  a discriminator  as  described  under  the  gross 
position  measurement  section  above.  The  dis- 
criminator strips  the  W.S-kll/’.  carrier  signal  and 
applies  the  MMMIcrt/  signal  to  a second  input  of  the 
phase  comparator,  as  shown  in  l-igurc  3-1 5e.  .As  the 
negatue  going  edge  of  the  UM>-|lcrt/  signal  from  the 
timing  signal  generator  goes  through  zero,  the  pluse 


comparator  output  goes  high  (see  l-igure  3-16).  As 
the  negative  going  edge  of  the  discriminator  output 
goes  through  zero,  the  phase  comparator  output  goes 
low.  The  resulting  phase  comparator  output  is  a senes 
of  ten  pulses  with  the  peak  duration  of  each  pulse 
equal  to  the  phase  difference  iK'tween  the  two  inputs 
to  the  ph.ise  comparator. 

To  accurately  determine  the  .average  phase 
difference,  the  number  of  cycles  of  a KMl-kllz.  signal 
IS  counted  during  the  periwls  when  the  phase 
comparator  » at  its  peak.  This  count  is  taken  over  .1 
64t-ms  penod.  as  slumn  in  l-igure  .‘-Ui.  The  total 
numher  of  cycles  counted  is  equivalent  to  a pcricHl  of 
tunc  measured  in  increments  of  itr*  second.  i;ach 
increment  is.  thus,  equal  to  3 travel  distance  in  vvatcr 
of  approximately  0 05  foot,  which  hccomcs  the 
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KM)  llcrt/  I'roMi  'I'iniirig  Signal  Ccncraiur  to  l'ha«c  Comparaioi 

pliavc  comparator  output 
goes  high  at  ::cru  erodings 


1-hacc  Compaiator  Output  1 P''="'  e^n'P^ir^or  output 

I gocc  low  at  zero  crocsinp^ 


KKI-licrt/  Divcriminator  Output  to  l'ha««  Comparator 


cycles  of  KK)  kHz.  signal  countcil 
while  phase  eoniparatur  output 
’*  is  high  tJuritig  this  6U-nis  period, 

t,  and  rccuftletl  immediately 
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l•ig^lrc  3-U>.  Phase  inc-tstireii'eni  sigiwls  used  !«» tieicrmine  ph.ise  difference  Itctween  tr.'insntiued 
acoustic  sigii.il  and  niuing  signal. 


ihctirctiijl  sensiKviis  limit  of  the  phase  mc.asuremcni 
sjstcm.  The  resulting  count  ranges  hetneen  O and 
O.tHM)  dciH-|iding  on  sthciher  the  i\so  inputs  to  the 
phase  comparator  are  cxactlj  it;  ph.i.se  or  .-is  much  a.s 
560  tiegrees  out  of  phaK-  To  tihtain  the  total 
"refined”  slam  range  disiaiue  lictween  a projector 
and  hydrophone,  the  lUimlicr  of  full  100  Hertz  cycles 
(10  ms  peritids)  determined  during  t!ii;  gr«>ss  distance 
me.isurement  is  added  to  the  time  shift  of  the 
100  Hen/  signal  determined  h\  the  phase  comparison 
tcehnujue.  This  total  time  represents  a eery  pa-eist 
.neasnrcmcni  of  the  time  required  lt>r  the  acoustic 
signal  to  trace!  hetueen  an  acouMu  projector  and 
hydrophone. 

Sound  Velocity  .McasiireiiK'ni  In  order  to 
concert  the  time  for  the  aeoiiMie  pulse  to  travel 
lietccecn  a projector  and  hydiophone  to  the  distance 


bctcceen  them,  the  .icer.tgi  sound  celoeity  ocer  the 
transmission  path  must  be  knoecn.  hor  this  rcasoit  a 
means  to  accurately  detenninc  the  average  sound 
velocity  between  the  bottom,  cchcre  the  aroustic 
projectors  were  located,  and  5(K)  feet  below  the  cvaier 
surface,  cch'a-  .til  but  one  of  the  hydrophones  were 
stationed,  ccas  cicciscd.  The  d.istance  bctcceen  pro- 
jector P5  (see  ITgiirc  5 14)  on  the  clump  anchor  and 
hytlrophone  1-  on  the  eroevn  line  ccas  accurately 
measured  'nefore  installation.  The  taut  eroevn  line 
moor  was  designed  to  luce  an  e.veursion  of  less  than 
*1.0  fool  vertically  under  the  highest  current  profile 
espccicd  at  the  site.  During  each  data-taking  cycle 
the  trancmisMon  tune  for  the  .uoustie  signal  In’tween 
projector  P5  and  hydrophone  I-  cvjs  mc.-isured.  With 
known  time  and  ilistancc  t!ie  average  sound  velocity 
bctcceen  500  feet  and  the  bottom  could  be 
ealeulated 
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Pressure  Measurement 

Pressure  transducers  were  located  at  each  acoustic 
node  A through  (i  (see  l•■igurc  3-14)  to  provide 
redundant  data  for  calculating  structure  position, 
iiach  transducer  was  suhjected  to  pressure  at  the 
water  depth  at  which  the  hydrophones  for  deter- 
mining acoustic  position  were  located. 

To  acquire  pressure  data,  regulated  IK!  power  was 
applied  to  a hridge-type  pressure  transducer.  The 
transducer  output  was  amplified  and  applied  to  a 
voltage-to-frequency  converter.  The  converter  output 
signal  was  amplified  and  transmitted  to  the  crown 
buoy  canister  through  the  PM  cables. 

The  cycles  of  the  incoming  signal  were  counted 
for  0.5  secoml  am)  recoriled.  ‘I'wo  seconds  after 
power  was  applied  to  the  pressure  transducer,  a 
calibrate  resistor  was  shunted  across  one  arm  of  the 
transducer  bridge.  The  resulting  change  in  bridge 
output  caused  a change  in  frequency  output  of  the 
converter.  The  cycles  of  this  signal  were  also  counted 
for  a period  of  0.5  .second  and  recorded.  The  change 
in  cycle  count  due  to  the  shunt  calibrate  re.sistor 
provided  a calibration  constant  for  umt  during  data 
reduction. 

The  six  pressure  transducers  at  A through  !•  arc 
rated  at  550  psi.  while  the  one  at  i>  is  rated  at  1.000 
psi.  The  transducer  manufacturer  claims  a repeata- 
bility of  iO.03%  of  rated  output,  which  corresponds 
to  approximately  iO.2  foot  and  iO.A  fool, 
respectively.  To  take  advantage  ot  the  high  tlcgrce  of 
repeaialiility  and  to  avoid  error  due  to  any  non- 
linearity. the  550-psi  iraiiMluccrs  were  calibrated  in 
(!l!l.'s  pressure  facilit)  over  the  range  of  170  to  270 
psi,  which  corresponds  to  the  exiwcteil  range.  Ilasesl 
on  the  calibration,  the  relationship  of  the  change  m 
output  frequency  of  the  converter  due  to  change  in 
pressure  on  the  transducer,  to  the  change  in 
frequency  due  to  the  shunt  resistor  w.as  est.iblished. 
The  relationship  remains  constant  rcgar«lless  of 
changes  in  power  applieil  to  the  transducer  or  changes 
in  amplifier  gain. 

Tension  Measurement 

I'cnsion  iransdiiiers  were  loc.itesiat  fisc  positions 
on  the  structure  at  the  ends  of  all  three  caiiles 
terminating  at  node  (figure  5 14).  .;t  the  node  I) 


end  of  the  delta  cable  between  A and  I),  and  at  the 
bottom  of  the  leg  tenninating  at  the  clump  anchor 
(II).  The  tension  transducers  provided  an  independent 
method  for  validating  the  analytical  computer  model 
should  the  positioning  system  fail  to  operate  as 
designed. 

Because  no  off-the-shelf  transducers  suitable  for 
this  application  were  found,  (!l-!l.  designed  and 
fabricated  the  transducers  in-house.  A description  of 
the  transducer  developed  is  provided  in  Appendix  B. 
The  tension  element  is  a hollow  steel  tube  with  strain 
gages  in  a bridge  configuration.  To  provide  the 
sensitivity  to  achieve  a ±5-pouiul  relative  accuracy, 
the  steel  tubes  were  made  very  thin  and  were 
designed  to  fail  at  a lo.id  of  2.500  pounds.  In  order 
for  the  tension  cells  to  survive,  maximum  tensions 
(static  plus  dynamic)  bad  to  be  kept  to  2,000  pounds 
during  implant.  Since  the  breaking  strength  of  the 
cable  (approximately  25,000  pounds)  bad  to  be  the 
weak  link  in  the  system,  the  tension  cells  were 
designed  with  a fail-safe  collar  to  take  up  the  load  if 
the  tension  measuring  tube  failed, 

Tlirce-bundred-and-fifty-obm  gages  were  used  to 
allow  sufficient  voltage  to  be  applied  to  the  bridge  to 
obtain  the  desired  output  signal  while  conserving  on 
power.  The  procedure  for  measuring  and  recording 
the  tension  sensed  by  the  tension  transducers  and  for 
c'.ilihrating  the  transducers  was  the  same  .is  that  used 
for  die  pre.ssure  me.isiirement. 

TIMIN(;,  CONTROL.  AND  KKCORDINti 
Timing  Kquipmcni 

The  crown  buoy  electronics  can’  -i  w...-  designed 
so  that  complete  data  eyclc-s  couKI  ..w  taken  auto- 
m.Uicallv  once  each  hour,  half-hour,  or  quarter-hour. 
.-\  full  ejcle  of  measi’-einents.  including  recording, 
required  .1  mini-ics  .')4  secoiuis. 

Tile  time  periods  and  sequence  of  measurements 
were  e-antrolled  by  signals  from  the  timing  signal 
generator  located  in  die  crown  buoy  electronies 
canister  (we  l-igure  3-17  for  block  diagram).  .-\s  dis- 
cussed earlier,  the  niiiing  signal  generator  also 
furnishetl  a lOO-llert/  square  w.ice  to  frequenc\  • 
modulate'  the  I4.5-kll/  \'(!().  and  a 10-kll/  and 
lOO-kll/  signal  for  measuring  disunees  between 
the  projecirffs  an  ! ilic  hydrophones 
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sampling  sequence.  Two  seconds  after  a data  acquisi- 
tion canister  turned  on,  the  data  seleetor  energized 
the  hydrophone  for  6 sceonds  to  receive  the  in- 
eoining  projector  signals,  l-'ollowing  tiiis,  pressure  and 
tension  data  were  collected  at  2-secohd  intervals. 

Electrical  Zero 


After  all  distance,  pressure  aiut  pressure  calibra- 
tion, and  tension  and  tension  calibration  ntcasure- 
ments  at  one  data  acquisition  canister  were 
eompicted,  the  input  to  the  transducer  amplifier  was 
shorted.  The  system  tvas  designed  such  that  with  the 
input  shorted,  the  amplifier  had  an  output  signal 
from  the  voltage  to  frequency  converter.  This  signal 
was  designated  electrical  zero.  The  cycles  were 
counted  for  0.5  sceond  and  recorded.  Any  change  in 
the  electrical  zero  reading  had  to  be  applied  as  a zero 
shift  to  the  pressure  and  tension  calibration  data  used 
in  data  reduction. 


Turn-Off  of  Data  Acquisition  Canister 

After  the  electrical  zero  measurement  was  com- 
pleted, the  data  acquisition  canister  would  turn  itself 
off.  In  addition,  a turn-off  signal  was  sent  to  the  data 
acquisition  canister  from  the  crown  c.inistcr  during 
the  last  2 seconds  of  the  time  allotted  for  taking  data 
from  that  canister.  The  tum-on  signal  for  the  next 
data  acquisition  canister  to  be  interrogated  was  also 
of  a frequency  that  would  turn  off  the  preceding 
canister.  This  redundancy  insured  a data  acquisition 
canister  could  not  l)c  left  on  to  drain  the  power 
sources. 


Turn-Off  (End  of  Cycle)  of  Crown  Buoy  Canister 

The  last  signal  generated  by  the  timing  signal 
generator  was  conditioned  and  applied  to  a relay.  The 
contacts  of  the  relay  were  maintained  closed  hy  a 
capacitor  discharge  circuit  for  the  period  of  time 
rcijuircd  for  the  crown  canister  to  reset  to  the 
quiescent  condition.  If  the  sign.il  from  the  timing 
signal  generator  did  not  reset  the  crown  canister,  a 
clock-operated  switch  provided  a contact  closure  to 
generate  a reset  signal  each  1 5 minutes. 
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Verification  of  System  Operation 

The  pulse  from  the  timing  sign.ii  generator  that 
reset  the  crown  canister  was  also  used  to  advance  a 
stepping  switch.  The  switch  made  contact,  thereby 
applying  voltages  from  a divider  circuit  to  th-c  input 
of  a voltage-to-frcqucncy  converter.  During  the  data 
recording  period,  the  cycles  of  the  converter  output 
signal  were  counted  for  0.5  second  and  recorded.  The 
stepping  switch  was  reset  every  8 hours.  The  record  .-d 
count  was  used  to  verify  the  ss’stem  operation  during 
each  8-hour  period  and  to  relate  time  of  day  to  each 
data  cycle. 

Data  Acquisition  Canister  Identification  (Location) 

In  addition  to  recording  data  from  the  data 
acquisition  canisters,  the  cycles  of  the  encoder  signal 
used  to  turn  on  the  data  acquisition  canisters  were 
counted  for  0.5  second  and  recorded.  During  data 
reduction  the  count  verified  which  measurement 
station  the  subsequent  recorded  data  came  from. 

Redundant  Data  Transmission  Lines 

Each  time  tlie  data  acquisition  canister  turned 
off,  a pulse  w.xs  generated  that  connected  the  line 
driver  to  a different  conductor  in  the  KM  cables.  The 
three  conductors  in  the  cables  were  scanned  in 
sequence  to  assure  an  open  or  shorted  KM  cable  con- 
ductor would  not  result  in  the  loss  of  all  data.  The 
encoder  signal  that  turned  on  die  canister  was  applied 
to  all  three  conductors  to  make  sure  the  canister 
could  turn  on  even  if  two  of  the  three  KM  cable 
conductors  were  shorted. 
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The  heart  of  the  power  system  w-as  a 10-watt 
radioisotope  thermoelectric  generator  (KTG).  The 
unit,  which  weighs  645  pounds,  is  a SNAI’-21 
supplied  by  the  Naval  Nucle.ir  Power  Unit.  The  gen- 
erator IS  fueled  by  strontium  90  in  titanatc  form  .and 
is  contained  iti  a I6-inch-di.imetcr.  25-inch-high  pres- 
sure hull  with  a pressure  rating  of  10.000  psi.  Power 
IS  provided  at  48  volts  DC  regulated. 
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Figure  3-19.  Typical  measurement  sequence  at  a data  acquisition  canister  sensor  station. 


As  shown  in  Figure  3-20,  the  RTG,  which  was 
located  in  the  clump  anchor,  charged  capacitors  at 
each  of  the  three  acoustic  projectors  and  the  Ni-Cad 
battery  bank  located  in  the  crown  buoy  canister. 

Since  the  RTG  supplied  the  overall  system  power 
and  its  failure  would  be  catastrophic  to  the  SEACON 
n experiment,  a backup  power  source  was  dso  pro- 
vided. A 520  ampere-hour  lead-acid  batter)’  with  an 
output  at  48  volts  DC  was  located  .alongside  the  RTG 
in  the  clump  ancho;.  Should  the  RTG  drop  below  28 
volts,  the  lead-acid  battery  would  be  switched  in 
automatically.  If  the  RTG  voltage  returned  to 
normal,  it  would  be  switched  baek  on  line  auto- 
matically. 

A 4 ampere-hour  Ni-Cad  battery  pack  loc.atcd  in 
the  crown  buoy  canister  was  trickle-charged  at  about 
150  ma  to  supply  power  for  operating  the  electronic 
equipment  in  the  crown  buoy  canister. 

A third  means  for  supplying  power  to  the  system 
should  the  RT(j/lcad-acid  battery  combination  fail 


was  via  an  umbilical  to  a surface  vessel.  Should 
unattended  power  be  desired,  addinon.il  batteries 
could  be  placed  in  a housing  and  attached  to  the 
crown  buoy  by  SCUBA  divers. 

Figure  3-20  shows  the  distributed  power  used  at 
each  of  the  eight  data  acquisition  canister  stations 
serving  the  acoustic  nodes  and  pressure  and  tension 
sensors.  The  power  at  these  stations  w'as  supplied  by 
primar)'  mercury  cells,  which,  of  course,  are  not 
rechargeable.  Since  each  data  acquisition  station  was 
completely  independent,  the  failure  of  one  would  not 
result  in  any  other  failures.  Therefore,  this  distributed 
power  system  met  the  design  criteria. 


RESULTS  AND  DISCUSSION 

Performance  of  Acoustic  Positioning  System 

Bias  Errors  in  Gross  Distance  Measurements.  I'he 
time  measured  by  counting  cycles  of  a lO-kll/  signal 
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Figure  3-20.  Power  system  for  SEACON  II. 


during  the  period  between  start  and  stop  pulses  was 
in  error  by  the  time  required  for  the  projector,  the 
hydrophone,  and  discriminator  to  respond  to  applied 
signals.  Bench  tests  showed  that  the  stop  count  pulse 
signal  was  generated  up  to  0.8  ms  after  the  leading 
edge  of  the  14.5-kHz  signal  was  applied  to  the  dis- 
criminator. Compared  to  this  delay,  the  time  required 
for  the  signal  to  travel  over  the  transmission  wires  and 
the  error  caused  by  phase  shift  of  the  14.5  kHz  was 
insignificant.  The  total  of  all  errors  always  causes  the 
time  measured  between  start  and  stop  pulses  to  be 
longer  than  the  true  time  required  for  the  acoustic 
signal  to  travel  from  projector  to  hydrophone.  The 
field  data  show  the  error  to  be  a bias  of  approxi- 
mately 2.0  ms,  which  represents  a bias  in  slant 
distance  measurement  of  about  +10  feet. 

Bias  Errors  in  Phase  Measurements.  The  use  of 
zero  crossing  of  the  negative  going  edge  of  the 
tOO-llertz  output  of  the  discriminator  introduced  an 
error  in  the  phase  measurement.  The  error  was  caused 
by  the  inability  of  the  VCO,  the  projector,  the  hydro- 
phone, and  the  discriminator  to  respond  to  a change 
in  input  signal  in  zero  time.  The  VCO,  the  projector. 


and  hydrophone  responded  in  a short  time  compared 
to  the  discriminator.  Since  they  all  started  to  respond 
at  the  same  instant,  cancelling  the  eri^or  caused  by 
slow  response  of  the  discriminator  canceled  the  entire 
error. 

A bench  test  was  performed  to  measure  the 
magnitude  of  the  error.  The  output  of  the  VCO  was 
hardwired  to  the  discriminator  input.  When  the  dis- 
criminator output  was  applied  to  the  phase 
comparator  along  with  the  timing  signal,  a scries  of 
measurements  of  delay  time  betv/cen  the  signals  was 
obtained.  After  more  than  a thousand  measurements 
were  completed,  the  count  of  cycles  of  the  lOO-kllz 
signal  was  found  to  l>c  1,200  ±12  Hertz.  The  1,200 
Hertz  was  a phase  shift  or  time  delay  due  primarily  to 
slow  discriminator  response  time.  This  bias  error  was 
accounted  for  during  data  reduction. 

Random  Errors  in  Acoustic  Position  Measure- 
ments. To  assess  the  amount  of  random  error  in  the 
acoustic  distance  measurements,  data  from  acoustic 
ntnlc  !•  on  the  crown  line  were  analy/ed.  This 
location  was  chosen  because  it  was  designed  to 
remain  a constant  known  distance  (within  r]  foot) 
from  projector  l’3  at  the  clump  anchor. 
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F'gurc  3-21.  Comparison  of  pulse  and  phase  measurements  taken  between  projector  P3  and 
hydrophone  !•  over  a 24-houf  period. 


Fi^rc  3*21  is  a plot  of  the  pulse  time  measure- 
iiKiu  Irctwccn  F3  and  F during  a typical  24-hour 
period,  On  the  same  plot  is  the  pulse  time  measure- 
ment refined  with  the  phase  data.  A smooth  curve 
through  the  phase  measurements  is  sinusoidal  with  a 
period  corresponding  to  tidal  cycles.  One  possible 
explanation  for  this  periodic  change  in  travel  time  is 
that  the  average  sound  velocity  between  500  feet  and 
the  bottom  is  changing  about  1 fps  in  6 hours.  This 
probably  is  not  the  cause  since  other  measurements 
between  F3  and  !■  made  a month  earlier  exhibited  the 
same  sinusoidal  variation  but  shifted  0.4  ms  higher, 
which  indicates  the  change  in  average  sound  velocity 
in  1 month  was  only  2 fps.  Also,  calculation  of  sound 
velocity  made  from  physical  data  collected  at  the  site 
on  8 June  1972  and  again  on  26  September  1975 
showed  the  average  sound  velocity  changed  only  2 fps 
in  3 years.  Thus,  it  appears  that  the  average  sound 
velocity  at  the  deeper  levels  of  this  basinal  site  is  a 
very  stable  property. 


Instead  of  the  sound  velocity  changing,  it  is 
believed  the  sinusoidal  variation  in  travel  time 
between  1*3  and  F is  due  to  the  curmnts,  dominated 
by  tidal  currents,  causing  a small  catenarj’  in  the  taut 
crown  line.  As  the  currents  increase,  the  catenary 
increases,  and  the  distance  between  1*3  and  F 
decreases  as  much  as  2 feet  (0.4-ms  travel  time). 

Because  it  appears  the  change  in  sound  velocity  at 
this  site  is  a relatively  lung  period  phenomenon,  a 
constant  value  of  sound  velocity  was  used  to  reduce 
the  acoustic  position  data.  Sound  velocity  w.as 
calculated  using  the  measured  distance  between  PS 
and  F and  the  peak  acoustic  rr-ivcl  time  when  it  is 
believed  the  smallest  catenary  existed  in  the  crown 
line.  This  approach  may  introduce  a small  bias  of  2 to 
4 feet  into  the  absolute  position  measurement  due  to 
the  bias  error  in  sound  velocity.  However,  it  is 
believed  this  disadvantage  is  offset  by  the  significant 
reduction  in  the  magnitude  of  random  error  in  posi 
tion  measurements. 
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Figure  3*22.  Comparison  of  pulse  and  phase  acoustic  distance  measurement  scatter  about 
datum  made  by  smooth  curve  through  phase  data. 


To  examine  the  relative  accuracy  attained  with 
the  acoustic  position  measuring  system  for  both  pulse 
and  phase  measurements,  the  data  presented  in  Figure 
3-2 1 were  converted  from  time  to  <iistancc  measure- 
ments using  sound  velocity.  The  variation  of  the  pulse 
and  phase  data  about  the  smooth,  sinusoidal  curve 
drawn  through  the  phase  data  is  presented  in  Figure 
3-22.  This  is  a measure  of  scatter  for  the  pulse  and 
phxse  data.  As  can  be  seen  from  the  plot,  the  scatter 
in  the  pulse  data  is  about  ±2  feet,  while  the  scatter  in 
the  phase  data  is  less  than  0.2  foot.  This  0.2  foot  is 
only  four  times  the  theoretical  limit  of  sensitivity 
(0.05  foot)  of  the  phase  mcasurc.'ncnt  system  based 
on  tl)c  frequency  level  and  data  sampling  time  used  in 
making  the  measurement. 

When  the  effect  of  this  0.2  foot  of  scatter  in  the 
distance  me.'isurement  between  one  projector  and  a 
hydrophone  is  combined  with  the  measurenKnts 
from  the  other  two  projectors  to  a given  hydrophone 
to  compute  the  three-dimensional  relative  position  of 
the  hydrophone,  the  resulting  position  is  .iccutatc  to 
about  10.35  foot.  It  is  believed  this  level  of  accuracy. 


better  by  a factor  of  three  than  the  design  goal,  is 
borne  out  by  the  orderly  behavior  of  the  measured 
position  data  presented  in  Chapter  6. 

Operational  Experience  With  Acoustic  Positioning 
System.  Although  the  acoustic  positioning  system 
accuracies  exceeded  the  design  goal  considerable  diffi- 
culties were  experienced  in  reaching  this  level.  The 
major  problem  was  caused  by  reflected  acoustic 
signals  from  the  bottom  and  surface  that  triggered  the 
stop  time  circuitr)’  prematurely  at  the  receiving 
hydrophones. 

This  was  rccogniaed  as  a potential  problem  and 
was  addressed  early  in  the  design  process.  The  timing 
of  the  system  was  based  on  the  assumption  that  the 
reflected  signals  would  be  sufficiently  damped  after 
three  reflective  periods  to  avoid  interference.  1'his 
assumption  turned  out  to  be  erroneous;  the  reflected 
signals  were  not  attenuated  as  rapidly  as  expected. 
The  result  was  premature  stop  times  at  the  hydro- 
phones caused  by  the  receipt  of  strong  reflected 
pulses  from  a previous  projector  signal.  The  problem 
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was  especially  difficult  and  time-consuming  to  solve, 
because  the  times  and  amplitudes  of  tiu  incoming 
reflections  varied  with  sea  eonditions  and  because 
each  step  in  solving  the  problem  had  to  be  checked 
on  site  from  a small  boat. 

The  small  boat  was  luuorcd  to  the  crown  buoy, 
and  communication  was  established  with  the  struc- 
ture electronics  through  an  electrical  umbilical  cable 
brought  to  the  surface  by  ilivers.  To  further  com- 
pound the  problem,  during  one  of  the  early  checkout 
cruises  the  mechanical  mooring  parted,  and  the  elec- 
trical umbilical  was  ripped  out  of  a junction  bo.v  on 
the  crown  buoy  60  feet  underwater.  This  initiated  a 
series  of  attempts  to  make  underwater  cable  repairs 
which  coincided  with  the  effort  to  solve  the  signal 
timing  problem. 

Numerous  other  electronic  problems  added  to  the 
difficulty  in  obtaining  good  qu.ality  data.  These 
included  periodic  erratic  behavior  of  the  digital  con- 
trol and  recording  equipment  m the  crown  buoy 
canister,  interference  from  noise  generated  by 
electronic  equipment  in  the  crown  buo\  canister, 
damage  to  equipment  in  the  canister  due  to  handling 
aboard  ship  at  sea,  and  the  corrosion  effects  of  the 
sea  environment  during  trouble-shooting  at  sea.  Often 
it  was  difficult  to  determine  if  failure  to  get  good 
ilata  was  due  to  shorts  in  the  underwater  electrical 
splices,  problems  with  the  crown  buoj  electronics 
unit,  or  interference  from  the  reflected  signals. 

The  .-tcoustic  reflection  problem  was  cventualK 
solved  by  .adding  circuits  to  gate  out  .ill  incoming 
acoustic  signals  until  appro.siniatcly  the  time  when 
the  “good"  signal  should  arrive.  The  gates  were 
opened  at  least  40  ms  (equivalent  to  .appro.\imatel> 
200  feet  travel  distance  in  seawater)  licfore  the 
incoming  signal  was  e.xpcctcd  and  were  left  open  to 
insure  the  "good"  signals  would  not  be  blocked  out. 

After  implant  was  completed,  it  took  .approxi- 
mately 7 months  before  the  pulse  measurement 
portion  of  the  system  worked  with  rc.TSoiiable 
reliability.  An  additional  3 months  were  required  to 
get  the  phase  measurement  equipiiK-nt  operational. 

Numerous  data-taking  attempts  using  the  auto 
matic  mode  with  the  crown  biun  canister  housed  in 
the  crown  buoy  were  made  during  the  6-monih 
jH-riod  after  the  pulse  meaMirenieni  equipment  was 
operational.  During  this  period  approximatels  si.xtceii 
24-hour  davs  of  data  rcvonled  at  |/2-hour  mtcaals 


were  obtained.  None  of  these  data  had  signals  from 
more  than  two  of  the  three  projectors,  since  IM  had 
quit  oiv.*rating  soon  after  the  structure  was  implanted. 
Data  from  nodes  B,  K.  I-,  and  (i  were  obtained  fairly 
reliably.  No  acoustic  data  were  obtained  from  node 
C,  because  the  hydrophone  failed  to  respond  soon 
after  implant.  Acoustic  d.ata  from  node  D were  not 
available  on  about  the  tirst  half  of  the  data  collected, 
and  node  A acoustic  data  were  missing  on  much  of 
the  second  half.  Pressure  data  were  reliably  recorded 
from  all  nodes,  and  they  provided  the  backup  posi- 
tioning  data  needed  due  to  projector  IM  not 
operating. 

When  the  data  were  reduced,  the  pulse  data  were 
found  to  be  quite  reliable;  however,  much  of  the 
phase  data  were  erratic,  which  indicates  noise  was 
getting  into  the  system.  Using  only  pulse  data  to 
determine  excursions  of  the  nodes  through  tidal 
c)  ties  resulted  in  relative  position  accuracies  of  about 
13  feet.  With  curve  smoothing  this  could  be  improved 
somewhat,  but  it  still  wi.iihl  not  meet  the  design  goal 
of  11  foot  needed  to  validate  the  computer  program 
to  the  level  desired. 

With  a significant  amount  of  dai..  in  hand  b\ 
October  1975.  it  was  decided  to  make  one  iast  all-out 
effort  to  collect  the  Ix-st  data  possible  from  the 
sistem.  Up  to  tins  point  onl_\  partial  repairs  had  been 
made  on  the  electrical  cables  which  joined  at  the 
crown  buoy.  No  attempt  had  been  made  to  repair 
projector  IM  for  fear  that  more  damage  might  be 
done  to  other  equipment  that  was  working. 

In  November  1975,  13  months  after  the  Sh.AC.ON 
II  structure  had  been  implanted,  the  rewiring  the 
projector  cables,  crown  line  cable,  and  umbilieai  vable 
at  the  crown  buoy  liegan.  hour  1-day  cruises  were 
required  to  perform  this  critical  operation.  It  w.is 
completed  on  9 December  1975  with  13  underwater 
electrical  spines  Ijcing  made  succcsslully  b\  Cl-.l. 
divers.  On  II  December  1975  a new  current  meter 
string  was  installed  at  the  site,  and  data  taking  began 
with  the  crown  Into)  canister  aboard  the  7ll-foot 
fishing  vessel  / .i  I which  was  moored  to  the 
crown  buov . Bctvvecn  i 1 .m-J  I't  December,  with  one 
interruption  lor  a stonn.,  approximatclv  tou<  2-t-hour 
days  Ilf  data  on  a IS  iiiiniiic  cvcling  r.ite  V'cre 
recorvled  (mod  pulse  and  ph.ise  d.il.i  were  obtained 
for  all  lioilcs  except  A anil  (.  with  all  three  projectors 
opcraling.  I he  an.ilv  sis  o(  these  data  lo  validate  the 
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analytical  design  program  » presented  in  Chapter  6. 
As  discussed  earlier,  position  accuracy  with  the  phase 
system  and  all  three  projectors  operating  exceeded 
the  design  goal  for  the  positioning  system. 

Since  good  quality  position  data  on  the  a'sponsc 
of  the  structure  to  ocean  currents  had  been  eollectcd, 
a bonus  experiment  was  run.  On  19  December  1975, 
some  15  months  after  the  SKACON  II  structure  was 
implanted,  a dynamic  relaxation  experiment  was 
performed  A grapnel  was  engaged  with  the  structun.' 
at  m»de  buoy  2 (hydrophone  B)  apex  of  the  delta. 
The  delta  was  then  puHcd  sideways  in  the  direction  of 
anchor  A2,  until  it  was  displaced  aUiut  300  feet 
laterally  (1, 500-pound  load  on  the  grapnc!  line). The 
grapnel  line  was  then  released,  and  the  position  of 
node  B was  measured  at  30-second  intersals.  l-igure 
3-23  is  .in  example  of  the  acoustic  time  data  between 
projector  PI  and  the  hydrophone  at  node  B as  the 
structun;  relaxed  to  its  equilibrium  position.  The  data 
appear  to  Ik-  of  excellent  quality  and  arc  Iwing 
analy/ed  and  reponed  on  separately  (Reference  3-4). 
At  the  Stan  of  the  fourth  relaxation  test  all  of  the 


sensor  stations  on  the  delta  went  dead.  It  is  believed 
that  the  ground  connection  to  the  mechanical  wire  at 
node  A was  broken  by  the  tests. 

Perfarmance  of  Depth  Measurement  System 

The  depth  measuring  system  provided  very 
necessary  data  during  the  long  period  when  projector 
PI  was  inoperable.  It  also  provided  redundant  data  as 
a means  of  checking  on  the  accuracy  of  the  acoustic 
positioning  system. 

Bias  Errors  in  Depth  Measurements.  The  initial 
comparison  of  predicted  depths  to  measured  depths 
showed  the  measured  depths  of  all  nodes  to  be  con- 
sistently shallower  than  the  analytical  predictions. 
The  entire  method  for  reducing  the  pressure  sensor 
data  was  reviewed  to  determine  if  any  discrepancies 
existed  which  might  cause  such  a bias.  One  was 
located.  M discussed  earlier,  the  pressure  sensors 
were  calibrated  in  CKI.’s  pressure  facility.  The  tesscl 
pressure  was  sensed  in  the  vessel  head,  while  the 
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sensors  being  calibrated  were  at  a depth  of  IS  to  20 
feet  down  in  the  vessel.  This  caused  a 15-to*20-foot 
bias  in  the  calculation  of  depth  measurement.  Using 
the  zero  pressure  calibration  data  taken  in  air  before 
the  sensors  were  placed  in  the  vessel  removed  the 
15-to-20-foot  bias. 

Since  this  change  did  not  make  up  for  all  of  the 
discrepancy  between  measured  and  predicted  depths, 
it  was  decided  to  obtain  independent  depth  measure- 
ments acoustically.  This  was  accomplidicd  by 
stationing  one  vessel  at  the  crown  buoy  to  manually 
turn  on  the  hydrophones  whilr  another  vessel 
positioned  itself  over  each  of  the  acoustic  nodes  in 
turn  and  sent  14.5 -kitz  signals  down.  Hie  difference 
in  time  between  the  first  bottom  reficetion  and  the 
first  surface  reflection  to  reach  a node  gives  an 
accurate  measurement  of  twiee  the  node  depth.  When 
the  tide  is  taken  into  account,  a depth  corrected  to 
mean  low  low  water  (MI.LW)  is  obtained.  Fairly  good 
agreement  was  found  between  the  depth  determined 
with  the  new  zero  pressure  data  and  the  depth 
soundings.  The  depths  of  nodes  A and  C could  not  be 
measured  acoustically  because  their  hydrophones 
were  not  operating.  However,  B agreed  to  the  nearest 
I foot.  D within  2 feet,  K within  14  feet,  and  G 
within  5 feet.  Despite  this  agreement,  the  initial 
depth  predictions  were  still  somewhat  deeper  than 
the  revised  measured  data  showed.  It  was  found  later 
that  the  depth  predictions  were  in  error  due  to 
incorrect  assumptions  about  penetration  depths  for 
anchors  A1  and  A2,  as  discussed  earlier  in  this 
chapter. 

Random  Errors  in  Depth  Measurements.  Since 
the  change  in  position  of  the  structure  (including  its 
depth)  follows  a tidal  csele.  one  can  provide  insight 
inttt  the  random  error  of  the  depth  sensor  data  b\- 
examining  the  variation  in  depth  svith  time  at  a node 
sensor  station,  l igurc  3-24  is  a plot  of  n-pical  data 
obtained  from  the  depth  sensors  during  low  current 
velocity  periods  when  the  structure  is  fairly 
quiescent.  From  these  data  it  appears  the  random 
error  is  generally  about  -O.i  foot  or  less.  This  exceeds 
the  dc.sign  critrna  set  up  for  the  system.  It  is  about 
twice  as  hi^!  as  that  claimed  by  the  sensor  manu- 
facturer. This  is  reasonable  because  it  represents  the 
random  error  from  two  sensors  in  scries  since  node  F 
depth  data  are  used  u correct  for  tides.  In  addition 
node  I-  miwes  verticalls  somewhat  as  diwussed 
earlier. 


Acoustic  Position  Determination  Using 
Redundant  Depth  Datt.  During  the  period  when  all 
three  acoustic  projectors  were  operating,  the  depth 
data  provided  redundancy  that  could  be  used  to 
assess  the  absolute  accuracy  of  the  entire  positioning 
system.  This  involved  not  only  the  errors  which  exist 
in  the  acoustic  position  and  depth  measuring  equip- 
ment, but  the  accuracy  of  the  positioning  data  on  the 
three  acoustic  projectors  on  the  seafloor. 

Figure  3-25  shows  four  x-y  positions  calculated 
for  acoustic  node  D.  The  center  position  is 
determined  by  the  acoustic  ray  distances  from  each 
of  the  projectors,  PI,  P2,  and  P3.  Using  these  data, 
the  calcu!.atcd  depth,  z,  is  430.7  feet,  which  is  3.3 
feet  less  than  that  measured  with  the  pressure  sensor. 
The  other  three  positions  calculated  with  the 
measured  depth,  /.  and  two  acoustic  distances  circle 
the  position  calculated  solely  from  the  acoustic  data 
at  a radius  of  about  5 feet.  These  arc  t>-pical  data 
which  appear  to  indicate  that  the  depths  of  the  sensor 
stations  are  correct  in  an  absolute  sense  within  a few 
feet  and  the  acoustie  projector  positions  arc  correct 
within  5 to  10  feet  relative  to  one  another.  Note  that 
the  above  data  indicate  the  magnitude  of  constant 
error  or  bias  which  should  not  lie  confused  with  the 
relative  positioning  accuracy  over  a period  of  days  of 
±1  foot. 

Rnformanee  of  Tension  Mcwuremeni  System 

Only  two  of  the  five  tension  cells  survived  the 
implant.  Figure  3-26  shows  'wo  of  the  failed  thin- 
walled  tubes  as  they  looked  after  the  structuic  was 
recovered.  The  three  failed  cells  were  located  on  the 
delta  arms,  with  the  two  undamaged  cells  located  at 
each  end  of  leg  1.3  which  connected  node  A and  the 
clump  anchor.  Based  on  the  location  of  the  failed 
units,  it  is  strongly  suspected  the)'  were  mcrloadcd 
during  the  removal  of  the  flcK>dcd  $cns<»r  canister 
from  the  delta  arm  between  nodes  A and  B in  Phase 
IV  of  the  implant.  For  a sht>rt  period  the  implant 
vessel  was  moored  to  the  stretched-out  delta,  and  its 
loading  may  have  exceeded  the  2, 500-pound  failure 
load  for  the  cells.  After  Pha.se  IV  the  load  cell  at  the 
top  of  leg  1,3  always  had  higher  tensions  on  it  than 
any  of  the  cells  on  the  delta  arms  and  yet  it  survived. 

Because  tension  measurement  was  a backup  to 
the  acoustic  position  measuring  svstem.  its  high  fail- 
ure rate  did  not  seriou’4v  affect  the  validation 
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l•■igu^e  3-24.  Depth  measurements  at  ntxlc  K over  a 16-hour  period  during  low  current  velocities. 
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projectors  (PI.  P2.  and  P5)  and  tiepth.  /. 


Figure  3-26,  Imtnttncntcd  tension  links  failed 
by  mcrloadii^  during  implant  operation. 


experiment.  The  two  units  that  did  survive  the 
implant  worked  well  and  demonstrated  a good  design 
for  an  in-line,  undersea  tension  cell. 

With  only  one  of  the  three  uniu  at  node  A 
operating,  there  is  no  method  for  determining  the 
absolute  accuracy  of  the  tension  mca,su!rments. 
However,  an  idea  of  the  quality  and  resolution  of  the 
tension  data  can  be  gieened  from  data  presented  in 
Figure  3-27.  Typical  tension  data  from  the  cell 
located  at  the  top  of  leg  1.3  at  node  A is  plotted  over 
a 36-hour  period.  As  witii  the  data  fn>m  the  other 
sensors  the  period  of  the  cs'cles  are  tidal  due  to  the 
character  of  the  currents.  From  the  curves  it  appears 
the  random  error  is  much  less  than  the  des^n  goal  of 
^5  pounds. 

Ferformnnet  of  Power  System 

The  RT(J  performed  without  problems  for  the 
entire  22-month  implant  period.  The  equipment  even 
survived  the  shorting  of  the  power  leads  to  seawater 
at  the  crown  buoy  when  the  umbilical  cable  parted. 
The  backup  lead-acid  hatters-  was  not  used. 


Some  problems  were  experienced  with  the  Ni-(!ad 
batter)’  pack  in  the  crown  buoy  canister.  On  one 
oecasion  part  of  the  batters-  circuit  was  shorted  to  the 
pressure  case,  draining  the  batteries  and  causing  a loss 
of  data.  Also,  periodically  some  bad  cells  were  found 
and  had  to  be  replaced. 

The  mercury  cells  used  in  the  distributed  power 
system  performed  well  during  the  18-month  period  of 
active  use. 


FINDINGS  AND  CONCLUSIONS 

1 . The  pulse-phase  acoustic  position  measuring 
s)’stcm  proved  capable  of  making  position  measure- 
ments with  a relative  accuracy  over  a period  of  days 
better  than  the  tl-foot  design  goal. 

2.  The  precise  behavior  of  the  acoustic  signals  used  in 
the  positioning  system  was  misjudged,  and  thereby 
ptesented  a serious  and  time<onsuming  obstacle  to 
overcome  in  order  to  obtain  good  quality  data. 

3.  Despite  major  obstacles  encountered,  sufficient 
position  data  of  high  quality  were  collected  to  meet 
the  goals  for  validating  the  computer  program  to  the 
desired  lev-cl  of  accuracy. 

4.  The  depth  measuring  equipment  met  the  design 
goal  for  accuracy-  and  proved  to  be  a valuable  adjunct 
to  the  acoustic  positioning  system. 

5.  The  tension  cell  dcv-eloped  by  c;FI.  for  in-line  use 
in  underwater  cables  produced  good  quality  data 
which  met  or  exceeded  the  design  goal  for  accuracy- 
and  scnsitiviiy-.  Ilowev-er,  rhe  tension-measuring 
member  proved  so  fragile  that  only  two  of  the  five 
cells  surv  ived  the  implant. 

6.  The  electronics  in  the  underwater  sensor  stations 
proved  to  lie  highly  letiaMc. 

7.  The  crow-n  Inioy-  electronics  pr<ncd  less  reliable, 
prolrably  due  to  the  se-^erc  handling  and  corrosive 
environment  cxpcnenced  during  numerous  trips  from 
laboratcKy  to  harbor  to  site  and  back.  The  failure  rate 
of  the  electronic  equipment  in  the  crown  buoy 
canister  was  so  high  that  it  was  unable  to  meet  thc 
dcsign  goal  of  I month  unattended  implant. 

8.  The  power  system,  especially  the  RTG  ami 
mcrcurv-  batteries,  proved  to  lie  verv  reliable 
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l-iguro  3-27.  Tension  \ariaiion  at  top  of  leg  1.3  at  node  A during  36-hour  period. 


9.  The  analysis  of  the  redundant  position  data 
indicates  *hc  nK.ssured  acoustic  projector  positions 
tserc  accurate  to  within  5 to  JO  feet  relative  to  one 
another. 

10.  'fhe  position  measuring  ss-stem  met  the  design 
goal  of  taking  position  data  at  3(hsecond  intervals.  It 
was  also  successfully  used  to  collect  data  in  a 
dynamic  rvla.xation  e.xperiment  performed  with  the 
SS-.ACON  II  structure. 


2.  The  pulse-pha.se  acoustic  position  measuring 
svstem  developed  by  (Til.  is  recommended  for  use 
where  precise  three-dimensional  position  measure- 
ments are  required. 

3.  The  tension  cell  developed  by  (^l-.l.  provnJes  a 
good  design  fora  reliable  undersea  unit  for  measuring 
cable  tensions.  To  ptnent  premature  failure  of  the 
tension  link,  cither  a larger  factor  of  safets  should  l>c 
used  in  designing  the  link  or  some  method  should  lie 
provided  to  prevent  overloading  the  link. 


KF.COMMKNDATIONS 

I.  In  operations  such  as  SKA(X)N  II.  in  which 
complex  and  precise  electronic  controls  and  measure- 
nwnts  arc  made  on  undersea  hardware,  the  control 
and  recording  should  lie  done  from  either  a shore 
station  with  a cable  to  the  undersea  hardware  or  froiti 
a stable  platform  with  gixMl  lab  space  moored  over 
the  undersea  site. 
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SECTION  4 - CURRENT  MEASUREMENT 
SUBSYSTEM 


DESIGN  CRITERIA 

The  parametric  analysis  presented  earlier  con- 
firmed current  measurement  accuracy  to  be  one  of 
the  two  most  critical  parameters  in  the  program 
validation  effort.  As  shown  in  Table  3-2,  an  accuracy 
of  ±1.0  cm/scc  for  velocity  and  ±4  degrees  for 
direction  corresponds  to  an  equivalent  accuracy  of 
±0.10  for  the  pacing  parameter,  C^.  This,  along  with 
other  considerations,  were  used  to  establish  the 
following  design  criteria: 

• The  accuracy  of  the  current  measurement 
system  must  be  ±1  cm/sec  for  velocity  and  ±4 
degrees  for  direction  in  the  range  of  5 to  35 
cm/scc  with  a current  velocity  thrc^old  of  2 
cm/scc  or  less. 

• Sufficient  measurements  must  be  made  over  the 
area  occupied  liy  the  structure  to  determire 
areal  variability  of  current  speed  and  direction. 

• Sufficient  measurement  stations  must  be  pro- 
vided to  define  the  current  depth  profile  from 
400  feet  to  the  bottom  within  system  accuracy 
requirements. 

• The  current  meters  must  be  self-contained,  be 
capable  of  recording  current  measurements  at 
least  once  every  10  minutes  for  a minimum 
installation  period  of  2 months,  and  have  a 
timing  accuracy  of  ±2  scconds/24  hours. 

• The  current  meter  moors  must  be  designed  to 
be  easily  and  reliably  deployed  and  recovered. 

• The  top  of  the  current  meter  strings  must  be 
sufficiently  deep  to  not  lie  s%niricantly 
affected  by  (xean  surface  conditions  at  the  site. 

surface  buoy  must  not  be  used  to  mark  their 
position. 


CURRENT  METERS 
Selection  and  Description 

Electromagnetic-,  acoustic-,  and  rotor-type  meters 
were  all  investigated  to  determine  the  best  sensor 
rype  for  high  accuracies  at  low  velocities.  In  the 
state-of-the-art  at  that  time  (1975)  the  rotor-type 
meter  appeared  to  best  meet  the  requirements. 

In  discussions  with  various  users  of  current 
meters,  the  Aandcraa  Recording  Current  Meters 
KCM-4  and  RCM-5  were  recommended  as  being  the 
most  accurate  and,  most  of  all,  the  most  reliable. 
Based  on  other  user  information,  CEL  experience, 
and  a survey  of  the  market,  a commitment  was  made 
to  use  .Aandcraa  meters  for  the  bulk  of  current 
measurements  during  the  SKACON  II  experiment. 

The  Aandcraa  instruments  (Figure  3-2fl)  are 
designed  to  measure  water  current  speed,  direction, 
and  temperature  with  options  that  include  depth 
(pressure)  and  conductivity.  These  parameters  are 
measured  and  recorded  according  to  a pnrpro- 
grammed  sampling  scheme. 

Current  speed  is  sensed  by  a Savonius-like  rotor 
that  drives  a potentiometer  via  a magnetically 
coupled  follower  and  gearbox.  Current  direction  is 
sensed  w ith  a vane  and  fluid-damped  magnetic  com- 
pass. l^licn  the  compass  is  to  be  read,  a ccmtact  is 
clamped  against  a wire-wound  resistance  ring. 
.Measurement  of  each  sensor  output  is  achieved  by 
sequentially  switching  each  output  into  an  auto- 
matically controlled  bridge-balancing  circuit,  the 
heart  of  which  b a rotary  encoder.  The  digitized  data 
are  recorded  on  magnetic  tape.  The  sampling  interval 
is  controlled  by  a solid-state  timer  driven  by  an 
oscillator  that  b controlled  by  a quart/  crystal.  The 
timer  accuracy  is  specified  to  Ik  ±2  sec/day.  Several 
sampling  intervals  aa*  available  with  10  minutes  (King 
standard. 

Evaluation  and  Calibration 

Due  to  the  stringent  accuracy  requirements  for 
the  SEACON  II  current  measurement  system,  CEL 
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l-igurc  3-28.  Aandcraa  current  meter  »>eing 
installed.  Speed  rotor  is  located  on  top  of 
pressure  housing.  Vane  aligns  with  current 
to  provide  dircetien  reference. 

decided  a thorough  evaluation  of  the  Aandcraa  meter 
was  requited.  ChX  requested  the  U.S.  Department  of 
Commerce,  National  Oceanographic  Instrumentation 
Center  (NOU;),  Washington,  DC  |3-5|.  to  determine 
the  .speed  and  direction  accuracies  ftir  the  .Xanderaa 
meters,  especially  at  low  current  velocities  (O  to  35 
cm/sec).  NOIC  perfonned  an  cvaluati«)n,  and  it  issued 
an  Instrument  l-act  Sheet  |3-5|  th.it  contains  a 
summars-  of  the  test  results. 

The  results  show  that,  in  the  low  speed  range  (O 
to  50  cm/scc).  the  nonlinearirs'  was  iO.8  cm/scc.  In 
.iddition,  the  sum  of  a quantization  error  and 
potention’ctcr  error  at  the  10-minute  sample  time 
had  a '.sorst  case  total  of  1.6  cm/see  with  a 6.000:1 
rotor  gear  ratio.  ItccauH*  the  current  velocities  at  the 
SI'A<;0\  II  site  were  in  the  lower  half  of  the  low 


speed  range,  it  was  decided  to  use  a 1,200:1  gear 
ratio,  which  significantly  reduces  the  errors  due  to 
quantization  and  potentiometer  linearity.  With  the 
lower  gear  ratio  it  is  estimated  the  total  error  in  speed 
in  the  range  of  specific  interest  to  the  SEACON  11 
experiment  to  be  about  11.0  cm/sec. 

The  compass  evaluation  showed  a nonlinearity  of 
12.5  degrees,  which  can  be  corrected  by  individual 
calibration  of  each  compass  and  a nonrepeatability 
of  12.8  degrees.  Added  to  this  error  in  compass 
direction  is  the  error  in  vane  alignment  with  the 
current  at  various  current  velocities.  This  error  ranges 
from  about  ±7.5  degrees  at  5 cm/scc  to  14  degrees  at 
10  cm/scc  to  ±1  degree  at  35  cm/scc.  Current  speeds 
that  significantly  displace  the  SEACON  II  structure 
ate  above  10  cm/sec;  so,  in  general,  the  direction 
inaccuracy  of  a meter  with  a calibrated  compass  in 
the  SEACON  11  flow  speed  regime  could  be  expected 
to  be  less  than  16.8  degrees. 

To  avoid  the  error  penalty  associated  with  com- 
pass nonlincarit)’,  a compass  calibration  facility  was 
set  up  at  CEl.,  and  all  Aandcraa  meters  were 
calibrated  at  10-«lcgrcc  compass  intervals. 

MOOK  DESIGN 

In  order  to  detect  and  measure  any  areal 
variability’  in  the  current  speed  and  direction  at  the 
SEACON  II  site,  the  decision  was  made  to  surround 
the  structure  with  three  current  meter  strings.  Each 
string  was  to  be  located  approximately  700  feet  out 
from  the  center  of  each  of  the  three  delta  arms, 
which  placed  the  strings  about  1,600  feet  apart. 

There  was  little  experience  to  draw  on  in  deter- 
mining the  depths  at  whieh  meters  sliouid  be  placed 
to  accurately  define  the  current  profile  and  to  av«»id 
missing  any  shear  currents  that  might  exist.  Due  to 
the  meager  data  collected  on  currents  during  the  site 
investigation  phase,  it  was  not  known  how  much  the 
current  vvliKitic’s  changed  with  depth.  However,  it 
was  known  that  the  measured  velocities  at  the 
1.050-foot  depth  were  as  high  as  those  at  500  feet, 
and  it  was  suspected  that  the  velocities  would  drop 
off  sharply  Irelow  the  basin  sill  depth  of  2.4(H)  feet. 
To  oittain  m«»re  infomiation  '.m  the  profile  at  deeper 
depths  as  well  as  to  check  mit  a new  moor  ilcsign,  a 
current  meter  string  (Eigure  3-29)  that  mcludetl 
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meters  at  1,450  and  2,200  feet  was  installed. 
Unfortunately,  when  the  string  was  reeiwerrd,  it  was 
found  that  the  veloeity  data  at  the  2,200-foot  depth 
were  no  good.  The  velocities  at  the  1,4 50-foot  ilepth, 
however,  were  found  to  be  as  high  or  higher  than 
those  at  the  shallower  depths. 

Another  factor  went  into  determining  the  most 
efficient  distribution  of  meters  in  the  vertical  direc- 
tion. The  buoys  and  delta  cables  produce  a large 
percentage  of  the  total  drag  force  on  the  structure,  in 
addition,  the  structure  response  is  much  like  that  of  a 
cantilever  beam;  a unit  of  force  produces  a larger 
dbplaccment  the  higher  up  it  is  applied  on  the  struc- 
ture. From  this  information  it  was  obviously 
important  that  the  currents  at  the  delta  elevation  be 
well  monitored  by  meters.  Below  the  500-foot  level 
meters  were  spaced  approximately  in  a logarithmic 
fashion,  with  spacing  increasing  as  depth  increased. 

After  the  structure  was  installed,  three  strings 
containing  19  meters  were  implanted.  Since  only 
13  Aandcraa  meters  were  .ivailable  to  <IFI„  six  other 
meters  of  various  types  and  vintages  were  used.  The 
older  meters  were  concentrated  at  the  lower  levels, 
which  were  considered  less  critical,  in  case  they 
failed. 

The  moor  design  used  during  the  structure 
implant  was  based  on  the  successful  design  evolved 
during  the  site  investigation  phase  and  is  described 
briefly  in  Chapter  2.  The  major  change  was  to  remove 
the  surface  spar  buoy  and  to  place  the  top  subsurface 
buoy  approximately  400  feet  Irelow  the  surface  to 
decouple  the  moor  from  surface  action. 

To  increase  the  probability  of  a moor  releasing  on 
acoustic  command,  dual  A.MF  aciHistie  releases  were 
used  between  the  anchor  and  the  Imttom  redundant 
buoyancy.  A dual  release  Irraekct  w-as  developed  so 
that  both  releases  would  l>c  recovered  if  either  of  the 
acoustic  releases  was  activated.  The  bracket.  Figure 
3-30.  uses  a lever  arm  arrangement  so  that  only  a 
small  percentage  of  the  load  is  carried  by  the  releases. 
When  cither  of  the  releases  is  actuated,  the  level  arm 
falls  down,  releases  a captured  pin.  and  altovw  the 
shackle  to  fall  free  of  the  bracket. 

To  aid  in  IcKating  the  m«»or  .rfter  it  surfaced,  a 
.Xenon  flasher  and  radio  direction  finder  transmitter 
were  attached  to  the  lop  buoy. 

Two  of  the  three  strings  were  made  of  l/2-inch- 
diametcr  braided  tiacr<>ii  designed  f«»r  verv-  low- 


stretch : the  third  was  made  up  of  1/4-inch-diamcter 
wire  rope.  The  two  types  of  mooring  lines  were  used 
in  order  to  investigate  the  effects  of  dynamic 
behavior  of  different  moors  on  meter  performance. 
The  moots  were  designed  for  dcplo^-ing  the  anchor 
first  because  of  the  need  to  precisely  control  the  final 
implanted  position  of  each  string. 

VKRIFICATION  OF  IN-SITU  CURRENT 
MEASUREMENT  ACCURACY 

Two  methods  were  devised  to  venfy  and  improve 
accuracy  of  the  in-situ  current  measurements. 
Redundant  meters  were  located  at  the  most  critical 
depths  to  provide  a crosscheck  between  meters. 
Averaging  these  redund.-ttit  data  also  improved  overall 
accuracy  for  the  current  mcasurcinent  system. 

A second  method  used  to  verify  the  accuraev’  of 
the  current  meter  measurements  was  the  tracking  of  a 
neutral  float  device  (l-igua*  3-31)  A submersiUc 
transponder  was  incorporated  into  a device  that  could 
l>c  made  neutrally  buoyant  at  a predetermined  depth. 
The  buoyancy  of  the  device  was  adjusted  by 
increasing  or  decreasing  its  weight  so  that  it  would 
free-fall  until  the  buoyant  force  of  the  object  was 
opposed  by  an  etjuat  gravitational  force  at  the  desired 
operating  depth.  The  device  was  allowed  to  drift  with 
the  current  stream  through  the  area  occupied  by  the 
structure  and  the  current  meter  strings,  and  its  move- 
ment was  monitored  by  the  acoustic  transponder 
navigation  equipment  at  the  .SE.ACON  II  site.  Then, 
by  an  acoustic  command  that  causes  a ballast  weight 
to  relca.se.  the  device  was  returned  to  the  surface  for 
ivcovciy. 

Buoyancy  was  provided  by  two  titanium  spheres 
capable  of  iipcration  to  pressures  in  excess  of  5,000 
psi.  These  sphercs  were  coupled  together  and 
supported  the  negatively  buoyant  components  of  the 
devices.  An  ,-V.MF  model  322  recoverable  acoustic 
transponder,  which  was  set  up  for  submersible 
tracking  in  an  acoustic  navigation  net.  permitted  the 
neutral  float  device  to  be  accurately  tracked.  The 
transponder  also  provided  the  primarj-  means  for 
recovers-  with  its  acoustic  release  nwchanism. 

■An  alternate  rcicase  mechanism  vvas  included  c*n 
the  float  as  a backup  for  the  acoustically  activated 
squib  a-lca.se  on  the  A.MI-  model  322.  The  alternate 
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I'igurc  3-31.  Neutral  float  device  developed  to 
measure  currents  in-situ. 


release  was  a timed  device  which  activates  the  firing 
circuit  for  an  explosive  bolt  at  a preset  time.  The  time 
may  be  set  from  0 to  12  hours  at  15-minutc 
increments.  Should  the  primary  release  mechanism 
fail,  the  flo.’t  is  tracked  by  acoustic  methods  until  the 
preset  time  cii  the  alternate  release  has  elapsed;  at 
this  time  an  explosive  bolt  is  fired  to  release  a ballast 
weight,  which  allows  the  float  to  return  to  the  sur- 
face. 

The  ballast  weight,  which  was  made  of  steel,  con- 
sisted of  two  separate  parts.  About  half  of  it  was 
attaehed  to  the  primary  release  on  the  transponder. 
The  remainder  was  attached  to  the  alternate  release 
mechanism,  fine  adjustment  of  the  buoyancy  of  the 
float  was  accomplished  by  adding  or  removing  lead 
shot  from  the  weight  bucket  on  the  alternate  release 
device. 

A submersible  KOI-  transmitter  was  attached  to 
the  device  to  assist  in  locating  the  float  after  it 
surfaces.  This  transmitter  activates  just  prior  to 
reaching  the  surface  and  can  be  tracked  with  a 
hand-held  direction  finder. 

To  achieve  neutral  buoyancy  at  any  depth,  the 
device  must  first  be  made  neutrally  buoyant  at  the 
surface  at  0 psig,  and  then  adjustments  to  the  device’s 
net  weight  must  be  made  to  correct  for  the  com- 
pressibility of  the  device  and  for  the  changing  water 
density  as  a function  of  temperature,  salinity,  and 
pressure.  The  effects  of  temperature  and  salinity  arc 
determined  by  taking  an  STD  profile  ;it  the  site  and 
figuring  density  from  a T-S  diagram.  The  effects  of 
increasing  hydrost.uic  pressure  were  determined  by 
measuring  the  changing  weight  of  tiie  device  as  it 
hung  on  an  instrumented  cantilever  beam  inside  a 
pressure  vessel. 


RKSULTS  AND  DISCUSSION 
Velocity  and  Direction  Accuracy 

l-igure  3-32  is  a plot  of  typical  current  speed 
versus  time  records  for  two  meters  located  at  a depth 
of  approximately  SvK)  feet  and  separated  a distance  of 
3 feet  vertically.  The  measurements  agree  with  one 
another  generally  better  dian  the  i1-cm/scc  accuracy 
goal  for  the  measurement  system,  l-'igure  3-33  is  a 
plot  of  direction  readings  for  these  two  meters  during 
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I'lgtirc  3*32.  Coniparison  of  typical  current  speed  data  measured  by  two  Aanderaa  meters 
separated  3 feet  vertically,  at  a depth  of  500  feet. 


the  sani'e  -firne  period.  The  direction  readings 
generally  agree  within  about  ±3  to  4 degrees,  which  is 
about' equap  to  the  design  goaj  for  the  measurement 
system. 

Good' agreement  between  two  nearby  meters,  of 
~couf^,'d6es  not  assure  they  are  measuring  speed  and 
direction  accurately.  Something  in  the  system,  such 
as,  nioor  motion,  could  apply  a large  constant  error  or 
bias  equaliy  to  both  meters.  In  order  to  verify  the 
meter  readings,  the  neutral  float  was  passed  through 
the  general  area  where  the  current  meter  string  was 
located.  Figure  3-34  shows  the  trackline  for  one  of 
the  neutraj  float  passes.  Note  that,  at  its  closest  point, 
it  was  about  2,500  feet  laterally  from  the  current 
meter  string.  The  float  started  at  a depth  of  about 
383  feet  and  generally  edged  deeper  as  it  crossed  the 
site,  reaching  a depth  of  454  feet  just  before  it  was 
recalled  to  the  surface.  I•■igurc  3-35  compares  the 
speed  and  direction  data  front  the  meter  at  400  feet 
with  those  from  the  neutral  float.  During  the  period 


when  the  float  was  close  to  400  feet,  the  speed 
readings  agree  within  about  3 to  4 cm/sec  in  a total 
velocity  of  about  25  cm/sec.  Direction  measurements 
agree  within  10  to  15  degrees.  Neither  the  level  of 
agreement  between  the  neutral  float  and  meter  data 
nor  the  location  where  the  data  were  taken  are  close 
enough  to  be  able  to  certify  the  exact  accuracy  of  the 
meter  data.  However,  considering  the  distance 
between  the  measurements,  the  agreement  is  quite 
good  and  would  appear  to  indicate  that  there  arc  no 
factors  at  work  seriously  bi.ising  the  meter  data. 
Based  on  these  results  it  appears  that  individual  meter 
accuracy  in  the  ocean  is  about  ±1  cm/ser  for  speed 
and  ±5  degrees  for  direction  at  velocities  above  10 
cm/scc. 

Areal  Variability  at  the  Site 

Three  current  meter  strings  were  placed  around 
the  structure  to  determine  whether  large  variation  of 
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I'ljiure  3-.33.  (iomp.iriMrii  trf  upical  current  direction  data  measured  l)\  two  Aanderaa  met.rs 
separatetl  3 feet  vertically  at  a depth  of  .500  feet. 


currents  over  the  are.i  c.Msted.  l-itture  3-36  shows 
tcpieal  current  speetl  tlata  collected  h\  three  meters 
at  a depth  of  500  feet  on  the  three  separate  strm[;s 
located  approMinatel)  1.600  feet  apart,  (ienerallc. 
the  range  c'f  readings  is  alxnil  il  to  1.5  cm/sec  ocer  a 
6-hcuir  period.  'I  his  is  ahout  twice  the  canaiion  that 
was  seen  on  the  two  meters  adjacent  to  one  another 
on  a single  string,  this  appears  to  indicate  some  small 
areal  c. inability  tii  the  speed  of  ahout  10.75  cm/sec  in 
the  vicinitv  of  10  to  12  cin/sec  currents.  The 
direction  variation  (I'lgure  3-37)  when  the  velocitv 
was  above  10  cm/see  appears  to  he  .ihout  15  degrees, 
shghtiv  more  than  the  previou.slv  described  results 
with  two  adjacent  meter.s.  However,  data  irom  the 
two  adjacent  meters  on  string  no  2 (rigurc  3 37) 
agree  within  tl  to  2 degrees. 


based  on  these  results  it  was  cdnducleci  that  areal 
vari.ibihtv  at  the  site  for  both  speed  and  direction  was 
small.  It  was  decided  a more  productive  use  of  the 
meters  would  be  to  increase  the  numher  on  a single 
string  lo  better  define  the  vertical  profile  at  the  site. 
In  addition  the  total  number  ol  nuTcrs  could  be  cut. 
this  allowed  e.xclusive  use  of  the  ,\anderaa  meters, 
which  greativ  simplified  the  data  reduction  process. 

Starting  with  the  third  set  o(  current  meters 
installed  after  the  structure  was  implanted,  onlv  one 
string  containing  from  10  to  1 1 .\anderaa  meters  was 
used,  because  of  the  m.ijor  effect  of  the  currents 
acting  hiith  up  on  the  structure,  the  meters  vveie 
generallv  sji.iced  H'O  teet  apart  Ironi  4t)()  to  900  leet 
amt  then  placed  in  a logarithmic  spacing  to  the  deeper 
depths.  .Meters  were  doubled  up  at  the  400-  .ind 
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Tabic  3-4.  Current  Meter  I’erfornianee 


Ijnplunt  No. 


No.  of 
Strings 


No.  of 
Days 

Implanted 

No.  of 
Aanderaa 
Meters 

33 

4 

74 

13 

79 

13 

64 

10 

49 

10 

63 

11 

42 

11 

404 

72 

No.  of  .Meters 
Collected 
Good  Data 


Veloeitv 


Direction 


17  Jun  1975 
1200I>DST 


current 

iiK-tcr  string  ^ 


'"SSl'o, 


2.500  ft 

/ 


17  Jun  1975 
1010  HOST 


i_  . 

•1.000 


1.  , ,.l  - 

.t,(K)0  a.IKH) 


1-igure  3-34.  rr.tck  of  neutral  float  passing  tbrougb  SI-'ACON  II  site  at  a depth  ranging  from  371 
to  466  feet.  'I  rack  line  is  in  .acoustic  transponder  navigation  svsteni  coordinates. 


Current  Speed  (cm/sec) 


l•■igurt•  3-35.  Comparison  of  current  speed  and  direction  determined  using  neutral  float  ninnmg 
lietwcen  378  and  454  feet  deep,  .and  Aanderaa  current  meter  at  a depth  of  400  feet 


500-foot  depths  to  insure  data  recovers- at  these  ver\ 
critical  depths  and  to  provide  redundant  readings  to 
increase  accuracy  of  the  measurement  system. 

Meter  ami  Moor  Performance 

The  primary  factor  in  meter  performance  is  ln»\v 
much  of  the  time  is  good  data  being  c<»i!ected.  Table 
3-4  shows  the  number  of  Aanderaa  meters  installed 
and  the  number  that  collected  good  vclocits  and 
direction  data  during  each  of  the  seven  implants, 
(lood  velcK-ity  »lata  were  obtained  from  83%  of  the 
meters  installed,  with  good  directum  data  from  90% 
of  the  meters  Compared  to  past  CI-.I.  c.spcrience  .is 


well  as  that  ot  mans  other  current  data  collectors, 
this  IS  a sery  good  average.  .\s  reported  in  Chapter  2, 
good  current  data  svere  collected  from  only  43%  ol 
the  meters  installed  during  the  SKACO.V  II  site 
investigation  phase. 

Only  tsvo  significant  problems  sserc  encountered 
svith  the  Aanderaa  meters.  One  svas  a corrosion 
problem,  and  the  other  ssas  in  getting  the  tension 
propcris  adjusted  for  the  data  tape  take  up  spool 

After  the  tlurd  implant  the  nickel  plating  on  the 
cases  svas  fouiul  to  be  peeling  off.  and  the  case 
material  ssas  corroding,  l o correct  this  pioblem  the 
remaining  plating  ssas  sandblasted  off  the  c.i.se 
evteriors.  and  an  eposs  paint  ssstem  ssas  used  to 
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I igurc  3-36.  Current  velocity  versus  time  from  three  meters  at  a depth  of  500  feet  spaced  approximately 
1 ,600  feet  apart  laterally. 


protect  the  cases.  This  worked  well,  and,  after  four 
.additional  implants,  the  cases  were  still  in  good  con- 
dition. 

The  spool  tension  problem  was  found  after  data 
were  reduced  from  the  First  implant.  The  tensioning 
was  mcxlified  to  correct  the  problem. 

The  moor  design  worked  very  well.  All  1 1 current 
meter  strings  installed  were  successfully  recovered. 
The  backup  release  had  to  be  employed  on  two  of  the 
1 1 strings  recovered.  None  of  the  buoys  or  meters 
flooded.  The  implant  and  recovery  operations  were 
.accomplished  very  efficiently  from  CKI.’s  I.CM-8 
boat.  Typical  time  required  to  install  the  2.5(X)-foot- 
high  moor  with  U)  or  1 ! current  meters  was  2 hours. 
Approximately  1-1/2  hours  were  needed  to  recover 
the  moor.  By  using  the  ATNAV  positioning  system. 


no  problems  were  experienced  in  positioning  the 
moor  to  avoid  entanglement  in  the  structure. 

Neutral  Float  Performance 

The  neutral  float,  which  performed  remarkably 
well,  providcil  good  current  data  at  the  SKACON  II 
site  for  comparison  with  the  recording  current  meter 
data.  The  only  significant  problem  experienced  was  in 
getting  the  device  to  the  exact  depth  desired. 
Typically  the  device  became  neutrally  buoyant  some 
20  to  50  feet  above  or  below  the  target  depth  where  a 
meter  was  located.  This  made  it  difficult  to  compare 
vcliKitics  measured  by  the  two  techniques.  The  worst 
case  was  when  the  device  stopped  too  shallow;  at 
least  some  comparisons  could  be  made  if  the  device 
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I'igurc  3-37.  Current  direction  versus  time  from  four  meters  at  depth  of  500  feet. 


passed  through  the  target  depth,  as  occurred  in  the 
run  prcK-ntcd  earlier. 

In  seven  runs  made  with  the  device,  no  significant 
problems  occurred  with  the  hardware.  The  primary 
release  method  worked  e.\ch  time,  and  recover)'  on 
the  surface  was  routine  using  the  transponder  and 
radio  positioning  systems  on  the  device. 


FINDINGS  AND  CONCLUSIONS 

I.  It  appears  the  speed  measurements  for  the  indivi- 
dual meters  are  accurate  to  ±1  crn/scc  and  the  direc- 
tion mcariuremcnts  are  generally  .accurate  to  about 
ticgrccs  when  speeds  arc  above  10  cm/sec. 

Z.  The  areal  variability  at  the  site  appeared  to  tie  on 
the  orticr  of  ±I  cm/sec  for  specti  anti  ±3  to  5 degrees 
for  direction  when  spectls  were  above  H)  cm/sec.  This 
negated  the  need  for  thrc'.'  current  meter  strings. 


3.  It  is  believed  the  system  accuracy  meets  or 
approaches  very  closely  the  desired  accuracy  of  ±1 
em/sec  for  speed  and  ±4  degrees  for  direction. 
Situations  where  the  system  probably  docs  not  ;t 
this  level  of  accuracy  .arc  when  significant  shears 
occur  l/ctwccn  meters  (as  is  discussed  in  Chapter  5) 
and  on  direction  measurements  when  the  speed  is 
liclow  10  cm/sec. 

4.  The  Aanderaa  meters  along  with  the  moors  that 
useil  a CKI.-tleveloped  dual  release  bracket  and  ,\MF 
acoustic  rele.ases  performed  very  reliably.  /\ll  1 1 of 
the  moors  were  recovered,  and  the  backup  release  had 
to  be  used  only  twice.  The  meters  collected  good 
velocity  data  83’V  of  the  time  and  good  direction  data 
90%  of  the  time. 

5.  The  neutral  float  ilevice  operated  well  and  pro- 
vided a means  for  calibrating  the  current  meters 
in-pl.!cc.  However,  difficulty  was  e,\perienced  in 
getting  the  device  to  float  at  the  precise  depth 
desired. 


im 


RECOMMENDATION 


The  successful  current  moor  design  techniques, 
which  incorporated  redundant  buoyancy,  redundant 
releases  with  a refined  design  for  a dual  release 
bracket,  and  reliable  meters,  such  as  the  Aanderaa 
RCM4  or  RCM-5,  are  recommended  for  use  in  all 
instrument  moors  where  high  reliability  is  required. 
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CHAPTEK  4 

IMPLANT  OPERATIONS 


Implant  of  the  SEACON  II  structure  began  with 
the  installation  and  survey  of  the  acoustic  trans- 
ponder navigation  system  on  30  July  1974  and  was 
completed  approximately  6 weeks  later  on  12 
September  1974  when  the  current  measurement 
system  was  installed. 


SECTION  1 - DESIGN 


CRITERIA 

The  followii^  criteria  were  established  for 
designing  the  implant  procedures  to  insure  a highly 
reliable,  flexible,  safe,  and  ultimately  successful  sea 
operation  would  occur: 

• Implant  should  be  from  a single  ship  to  avoid 
difficult  communication  and  coordination 
problems  inherent  in  a multiple-.ship  operation. 

• Implant  operations  and  equipment  must  l>e 
designed  for  a maximum  sca-state-3  condition. 

• A multiphascd  installation  plan  with  convenient 
stopping  points  must  be  developed  so  that  the 
sea  operations  could  be  conveniently 
interrupted  and  the  ponion  of  the  system 
already  installed  protected  should  adverse 
weather  or  equipment  problems  occur.  Each 
phase  should  be  able  to  be  aecomplishcti  in  less 
than  one  ilay  and  be  reversible  in  order  to 
repair  equipment  if  problems  occur. 

• The  phases  should  Ik*  designed  so  that  the\ 
could  lie  combincil  for  more  efficient  operation 
in  event  of  good  weather  ami  no  equipment 
problems. 

• At-Sea  electrical  connections  and  splices  should 
t>e  minimi/cd.  Prc.issemble  the  electrical  system 
in  the  largest  assemblies  feasible,  and  pcrfofn 
environmental  testing  on  these  assemblies 
liefore  implantmcnt. 


• A means  for  monitoring  and  testing  the  elec- 
trical system  during  implant  must  be  provided 
so  corrective  measures  can  be  taken,  if 
necessary,  before  proceeding  to  successive 
phases. 

• The  implant  procedures  m.ust  permit  optimum 
positioning  accuracy. 

• The  implant  procedures  must  allow  realistic 
at-sea  training  and  practice  to  lie  conducted. 

• Safety  must  be  emphasi/.ed  in  the  implant  pro- 
cedures. 


CONCEPTS 

B.ascd  on  the  outline  of  implant  criteria,  several 
implant  concepts  were  formulated  in  l•■el>ruar\•  1973. 
The  selected  concept  was  integrated  n ith  the  system 
design  to  insure  the  hardware  design  and  installation 
plan  would  be  compatible.  Between  Eebruarv  1973 
and  July  1974.  when  the  final  operations  plan  w.is 
issued,  SIX  separate  iterations  were  made  to  the 
implant  plan.  Ihe  final  version  of  the  implant  plan 
W.1S  included  as  part  of  a comprehensive  operations 
plan  for  the  SEACON  II  smicture  14-1].  In  addition 
to  the  step-by-step  procedures  for  installing  the 
structure,  the  plan  contained  detailed  information  on 
site  properties,  navigation  sy.stems.  schedule, 
personnel  responsibilities,  contingency  plans,  com- 
munications plan,  and  harard  analysis. 


EQUIPMENT 

The  CEI.  Warping  Tug  (l•lgure  4-1)  was  seicctetl 
as  the  msiallation  vessel.  The  tug.  fabricaied  front 
4 X 4 \ 7-foot  pontoons,  is  I2()  feet  long  with  a 
35-foot  beam.  The  tug’s  2-f<.iot  freeboard  and  no 
gunnel  facilitate  moving  equipment  from  deck  to 
water  and  back,  but  limit  it  to  <)|Kr.iting  in  a 
max  I mum  sea-siate-3  condition.  Twin 
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l•■igilr^■  4-1.  0'l.\  waq>ing  tug  SKACON'  II  impiani  vfSH'l. 


3lKMior>ciu)ucr  ilii-sd  cngmo  ilruc  hydraiilicalK 
controlled  tail  sections  for  prtipulsion  (nuMimim  5 
knots)  and  nianeuvering.  Wheel  lu'tise,  winch  house, 
ami  living  quarters  are  located  within  the  after  super- 
structure. The  forward  open  deck  ( 1,700  square  feet) 
provides  adequate  space  for  rigging  operations  and 
inst.illatioii  equipment.  The  how  A-frame  and  the 
mam  three-drum  winch  (located  in  the  winch  house) 
are  designeil  for  handling  up  to  7ti,00t»-pound  loads. 
A 15-ton  ilcck -mounted  crane,  which  is  used  for  on- 
ilcck  and  over-the-side  load  handling,  is  located  on 
the  forward  deck.  I he  tug  is  equipped  with  lifes.uing 
equipment,  n iMg.itional  gear,  and  quarters  for  vruisc 
personnel. 

A diescl/!i_\ dr.inlic  traction  winch  t2ti.lKiO  pounds 
line  pull  at  2tl0  fpm)  was  selciicil  to  handle  most  ot 
the  siriienir.il  sahles  I he  wiiuh  was  mounted  on  the 
port  side  of  the  mg's  open  deck  with  a 42-iiuh 
diameter  deck  'he.iw  moiinteil  under  the  \ frame 

rhree  tvpes  ol  navigation  s\  stems  were  emplos  ed 
during  implant  operations.  I OK.XC  |{  and  r.iiiarwere 


used  during  transit,  and.  once  on  sue.  the  priman.’ 
navigation  s;, siem  was  the  acoustu  transponder 
navigation  svstem  t.VTN.W).  I.OKAfi  1$.  vvhuh  was 
vliscussed  in  (Chapter  2.  is  a lot. alls  maintained  and 
oper.ited  surface  r.uho  navigation  svstem  capahle  of 
provulmg  position  accuracies  ol  ahoiii  iSO  feel  at  the 
II  site.  K.idar.  in  .uldition  to  navigation, 
estahiished  the  position  of  the  implam  vessel  with 
respect  to  various  surface  hiiovs.  lhe.\l\A\'  system 
provuled  a real-time  eonlinuous  \-v  plot  ami  \-v  ■/ 
pnni-oiit  of  the  positions  of  the  surface  ship  and  a 
midvv.iter  transponder  on  the  item  heii'f  installed 
relative  to  three  hoiioni  nioorevl  and  survevcil  irans- 
pomlers 

(d  I 's  I.C.M-.S  hoai  was  selected  l<*  provide  diver 
support  and  personnel  iranspoii.nion  lunciions  as 
well  as  to  implant  and  survev  the  .\  I \.W  svstem. 
I his  74  fool-long  moditieil  landing  cr.itl  cruises  at  14 
knots  and  is  evpiipped  with  radar.  ,\M  .ind  l-M  radios, 
a I.OK.M  It  navigation  rev e:\cr.  a smai!  ,\-(rai:ie  for- 
wanl.  and  a I ton  hvtlr.iiiliv  vlierrv  picker  amulship 
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Prior  to  coninKnccmcnt  of  installation  opera- 
tions, all  critical  equipment  was  tested  to  insure  it 
met  implant  requirements. 


PKOCKDURES 

1'he  implant  of  the  SEACON  II  structure  was 
divided  into  eight  separate  phases,  each  of  which  was 
designed  to  be  accomplished  in  one  day  or  less. 
Mgures  4-2  and  4-3  show  the  installation  sequence. 

During  Phase  1 of  the  operations  the  LCM-8  boat 
free-falls  the  three  bottom-moored  acoustic  trans- 
ponder navigation  system  (ATNAV)  transponders  and 
surveys  them  in.  I.OKAC  navigation  determines  ship 
position  and  is  the  tic  between  gct^raphic 
coordinates  and  the  transponder  net  location. 

Phase  II  involves  the  warping  tug  installing  a 
single-point  moor  at  the  site  to  be  used  in  the 
remaining  phases.  The  moor  is  implanted  with  an 
explosive  embedment  anchor  lowered  from  the 
warping  tug  and  fired  on  impact.  A 9-1/2-foot- 
diameter  by  5-foot-high  foamed  mooring  buoy  (MB) 
is  attached  to  the  mooring  line. 

During  Phase  III  legs  1.1  and  1.2  arc  installed.  A 
midwatcr  transponder  attached  SO  feet  above  the 
anchor  positions  the  explosive  embedment  anchors 
A1  and  A2  in  the  ATNAV  coordinate  system.  The 
procedure  is  as  follows: 

1.  Lower  anchor  to  within  150  feet  of  bottom. 

2.  Maneuver  ship  to  final  position  with  ATNAV. 

3.  Lower  anchor  to  seafloor  (which  triggers  the 
explosive  charge). 

4.  Load  test  anchor. 

5.  Recover  midwatcr  transponder. 

6.  Pay  out  line. 

7.  Attach  and  deploy  temporary  buoy  (SBl). 

Lowering  is  accomplished  with  the  traction  svinch, 
and  bu(<ys  are  deployed  with  the  crane.  During  the 
deployment  of  A2  and  1.2.  a tag  ssirc  is  attached  to 
the  buoy  on  LI  to  keep  LI  taut  and  to  prevent 
hockling.  When  A2  and  L2  are  deployed,  the 
rcmaining  end  of  the  tag  wire  is  attached  to  the 
temporary  buoy  on  1.2.  thus  restraining  the  move- 
ment of  LI  and  1.2. 


Phase  IV  involves  removing  the  temporarj’  buoys 
on  LI  and  1.2  and  installing  the  three  node  buoys 
(NBl,  NB2,  and  NB3),  two  EM  delta  arms,  and  1.3. 
The  three  node  buoys  are  connected  to  the  delta  arms 
at  dockside,  and  the  cables  are  figurc-<-ighted  on  deck. 
This  proccdute  minimi/.es  the  number  of  at-sea 
electrical  connections.  The  tcmporaiy  buoy  at  1,2  is 
recovered  and  replaced  with  NB2,  The  tag  wire  to  the 
other  temporary  buoy  is  slacked  to  relax  the  moor.  A 
second  tag  line  (buoyant  line)  is  attached  to  NB2;  this 
line  is  payed  out  with  a winch.  Temporars’  floats  are 
attached  to  the  delta  cable  and  the  buoyant  tag  line 
every  150  feet  to  reduce  the  deployment  load  so  that 
the  E.M  delta  cable  can  be  payed  out  by  hand.  At  LI 
the  temporary  buoy  is  removed  and  replaced  with 
NBl. 

After  all  three  node  buoys  arc  deployed,  NB3  is 
recovered  with  the  crane.  With  the  buoy  secured  to 
the  deck,  the  electrical  and  mechanical  connections 
of  L3  arc  made.  L3  is  payed  out  with  the  traction 
winch  while  the  vessel  moves  in  the  direction  of  the 
construction  mooring  buoy  (MB).  The  position  of  the 
ship  relative  to  the  amount  of  1,3  payed  out  is  care- 
fully maintained  according  to  precalculated  distances 
and  tensions.  Electrical  and  electronic  tests  are 
performed  when  L3  is  payed  out.  A synthetic  line  is 
attached  to  the  end  of  1,3.  The  tug  moves  to  the 
mooring  buoy  while  paying  out  this  synthetic  line.  At 
the  mooring  buoy,  the  synthetic  line  is  hauled  in  until 
the  node  buoys  submerge.  A spar  buoy  attached  to 
NB3  is  used  to  determine  when  the  buoys  arc 
submerged.  When  the  node  buoys  arc  submerged,  the 
synthetic  line  is  attached  to  the  mooring  buoy. 

Ph,xse  V.  which  is  the  installation  of  the  final 
delta  arm,  Ls  accomplished  similarly  to  the  delta 
installation  by  using  t.ig  wires  on  both  the  buoys  and 
temporary  floats  to  relieve  the  strain  on  the  cable 
handlers.  The  delta  is  again  submerged  following  this 
installation. 

Pha.se  VI  is  the  most  complex  part  of  the  installa- 
tion due  to  tile  heavy  weights,  multiple  lines,  and 
pa-cise  positioning  involved.  The  node  buoys  arc 
surfaced  by  slackening  the  synthetic  line  between  MB 
and  the  end  of  1.3.  ,\  wire  attached  to  .MB  is  pa\cd 
out  over  the  stern  of  the  \cssel.  while  the  synthetic 
line  IS  a-covcre<l  over  the  bow.  In  this  manner  the  end 
of  1,3  is  recovered.  The  stem  line  to  ,MB  is  used  later 
to  help  maintain  station  dunng  the  clump  anchor 
(A3)  positioning.  With  the  end  of  1.3  on  deck. 
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cicctricu!  tests  arc  performed,  and  the  cable  is 
attached  to  A3.  A second  boat,  the  I.CM-8.  pulls  the 
crown  biK)\  (C!5)  avvas  from  the  luy  as  the  crown  line 
is  deployed.  The  enti  of  the  crown  line  is  then 
attached  to  the  clump  anchor,  and  final  electrical  and 
elect  ro.nic  tests  are  performed. 

Tile  clump  .inehor  is  lifted  off  the  deck  with  the 
ship's  winch  and  bow  A frame.  The  load  is  then  trans- 
ferred to  the  ‘•rapnel  wire  on  the  traction  winch. 
Before  lowerinti.  a midwatei  transponder  is  attached 
to  .•\3.  As  A3  is  lowered,  the  tuj>  moves  to  position 
using  the  .-XTN.AV  system.  The  positions  of  the 
second  boat  and  the  CIB  arc  monitored  with  radar. 
With  .'\3  in  position,  the  grapnel  (lowering  line)  is 
payed  out  and  deployed. 

Chase  VI!  involves  the  installation  of  two  pro- 
jectors. Divers  are  used  to  recover  a projector  cable 
pigtail  from  the  crown  buoy,  which  is  50  feet  deep, 
rollow'ing  attachment  to  the  projector  cable,  the 
pigtail  is  reattached  and  strain-relieved  to  the  crown 
buoy  hy  divers.  The  ship  is  positioned  over  the 
implant  site  using  ATNAX'.  The  projector  wire  is 
payed  out  with  a small  winch.  The  projector  is 
iowcrcil  to  the  bottom,  and  a release  tieviee  is  used  to 
recover  tiic  lowering  wire.  The  second  projector  is 
installed  simiiarly. 

During  Cha.se  VIII.  three  current  meter  st.«ings  .are 
installed  by  contriilled  lowering  (anchor  first).  The 
strings  consist  of  huoyanc;  at  the  top  and  bottom 
(redundant),  as  well  as  lw<i  release  devices  loe.itcd 
just  above  the  clump  .incluirs.  Chase  \'lll  completes 
tile  installation  pr.'.eess, 

TRAINING 

All  impl.-int  personnel  were  iliorowgliiy  mstnicted 
III  each  pli.isc  of  the  operation.  Tins  insmicnon 
included  an  at-sea  training  eniise  in  addiiion  to 
liriefings  held  aboard  ship  before  eveia  critical  step 
during  the  actual  implar.t  o|Kr.itioii 

The  ai-sca  training  on  critical  ph.ises  of  the 
insiailaiion  was  (.onthictctl  aboard  the  Warping  Tug 
with  aciiial  or  wcll-nuulelcd  structure  ciuriponcniv 
This  cniisc  not  only  suppfieii  an  opportunttv  to 
instruct  iK-.'^soi'ite!  i>ui  also  test  thi  mstallatio.-t 
tcchnuiiics  and  ctunpincnt. 

tile  iraming  cruise  was  sciu'diilcd  piss  2 weeks 
pnor  to  tile  aeiii.il  implant  s<»  the  esperieme  vsooM 


not  he  dimmed  by  a hmg  time  lapse.  The  operation 
was  eundueted  in  300  fret  of  water  which  made  ship 
positioning  more  critical  than  in  the  actual  implant  m 
2.900  feet  of  water.  I‘igure  4-4  shows  training  for  the 
iiioM  critical  phase  of  the  implant  - the  crown  buoj/ 
crown  line/elump  anchor  deployment.  During  this 
phase  the  .actual  8-ti.>n  clump  was  implanted,  but 
without  the  power  and  instrumentation  equipment 
ilKstajled. 

The  operation  was  srhediiicd  for  a 4-day  penwi 
so  th-ai  significant  problems  and  delays  could  he 
handled,  lloweter.  the  training  proceeded  so 
smuotliK  it  was  completed  m 2 days.  Numerous 
minor  changes  were  made  to  equipment  and 
procedures  as  the  result  of  the  e.xcrcise.  but  no  major 
modifications  were  found  ncee.ssary.  Using  the 
ATN.W'  sjstem  as  a guide  for  ship  positioning  was 
found  to  he  vcr\'  convenient  and  workable  even  in 
such  a shallow  water  depth. 

SKCriON  2 - SKA  OPKRATION 

PIIASK  I;  ATNAV  TKANSPONDKK 
INSTALLATION  AND  SURVKY 

Phise  I.  the  implant  and  survev  of  the  acoustic 
transponder  navigation  system  (ATNAV).  began  on 
3<>  job  1974  aboard  the  LCM-S  boat  (I-igiirc  4-5).  It 
was  e.spceted  the  operation  would  he  completed  in  I 
day  .IS  noted  in  Talilc  4-1.  However,  a weld  parted  on 
a Iriioy  package  causing  the  scconii  of  the  three  trans- 
pondeis  to  fall  to  the  hoiiom  unbuoyed.  The  trans- 
ponder still  operated,  even  though  it  lav  on  its  side 
and  vv.is  about  3. (Hit)  feet  from  its  planned  impiam 
position.  I he  first  transponder  installed  would  not 
turn  ofl  idisalile)  on  command,  nor  would  it  relea.se 
The  installation  of  the  third  transponder  and  the 
survev  part  of  Phase  I « ere  dckiyed  I »lav  in  order  to 
assess  the  situation.  It  was  determined  that  the  loca- 
tion of  the  unhiioyed  transponder,  although  not 
ideal,  was  s.ansj.ieton . ami  that  there  was  no  critical 
need  lo  be  ahle  to  dis.d>ie  the  one  transponder  So  on 
1 .\tigust  1*)“).  the  third  transponder  was  installed, 
and  tile  three  transponders  vvere  sttccessfullv 
survx'vcd  'I he  siirvcs  data  were  .tnalv/rd.  and 
soordmates  were  delermtncii  lor  the  desired 
einbedimni  .ifu-hor  locations 
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figure  4-4.  Training  for  crown  line,  crown  buoy,  and  clump  anchor  deployment  with  CKL  warping 
tug  and  l,CM-8  boat. 


PHASE  II:  CONSTRUCTION  MOOR  IMPLANT 

On  5 August  1974,  the  Warping  Tug  was  on  site 
at  first  light.  The  A'l'NAV  system  was  activated  and 
checked  against  LORAC;  they  did  not  agree.  The 
discrepancy  appeared  to  be  one  green  lane  on 
LORAC,  which  is  equivalent  to  about  600  feet.  How- 
ever, it  could  not  easily  be  determined  if  the  error 
was  in  LORAC  or  if  ATNAV  was  giving  erroneous 
positions  because  the  ship  was  outside  the  triangle 
formed  by  the  three  bottom  transponders.  It  was 
decided  to  assume  the  proiilem  was  with  ATNAV, 
and,  thereby,  to  impl.ant  the  mooring  anchor  using 
the  LORAC  navigation  system.  If  this  turned  out  not 
to  be  the  c.ase,  there  would  be  a 600-foot  error  in  the 
construction  moor  position,  but  it  would  pre.sent  no 
serious  problems. 

The  explosive  embedment  anchor,  l-igurc  4-6,  was 
installed  in  a very  routine  iiiannei.  'iension  in  e.xcess 
of  15,000  pounds  was  applietl  to  set  the  anchor  tluke 


and  to  prooftest  its  embedment.  Then,  the  remainder 
of  the  mooring  line  was  paid  out,  and  the  mooring 
buoy  was  attached  and  cast  off  (l•■|gure  4-7).  Phase  II 
was  completed  in  about  2 hours,  2 hours  less  than 
estimated  in  the  operation  plan  |4-1 1 . 

PHASE  HI:  MOORING  LEG  1 AND  2 IMPLANT 

Alter  a weather  check  indicated  favorable 
weather  was  expected  for  at  least  another  4 hours,  it 
was  decided  to  proceed  with  Phase  III. 

The  Warping  Tug  was  put  on  a course  over  the 
top  of  one  of  the  ATNAV  transponders  in  order  to 
vielermine  the  cause  of  the  navigation  discrepancy. 
While  ilirectly  over  the  transponder,  the  one  green 
lane  discrepanc;,  in  LORAC  siill  existcil  This 
indicated  A I'NA\'  was  giving  consistent  readings  aiui 
that  the  LORAC  was  either  one  green  lane  in  error 
during  this  cruise  or  during  the  A I \A\'  survev  cruise 
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Figure  4-5.  ATNAV  bottom  transponder  being 
deployed  from  LCM-8  boat. 


Sinee  the  closest  LORAC  calibration  point  was  at 
Port  Hueneme  Harbor  and  the  po.ssible  600-fooi  shift 
to  the  northe.ist  in  locating  the  structure  did  not  pose 
significant  problems,  it  was  decided  to  proceed  with 
the  implant  using  ATNAV  for  positioning.  The  exact 
geographic  position  of  the  structure  would  then  oe 
determined  during  a later  cruise. 

The  ATNAV  X-V  plotter  was  located  on  the 
bridge  so  both  the  pilot  and  navigator  could  sec  it. 
The  anchor  was  lowered  to  within  150  feet  of  the 
bottom  initially  and  then  to  within  60  feet  as  the  site 
was  neared  so  that  the  anchor  could  be  quickly 
installed  once  the  ATNAV  system  indicated  it  was 
within  the  target  area.  I-igurc  4-8  shows  the  A TNAV 
position  data  for  the  ship  and  the  transponder  on  the 
anchor  as  the  ship  attempted  to  maneuver  the  anchor 


to  the  desired  location.  When  it  appeared  that  the 
anchor  would  pass  about  60  feet  north  of  the  target, 
the  ship’s  heading  was  reversed.  It  was  hoped  this 
would  also  reverse  the  path  of  the  anchor.  When 
point  11  (Figure  4-8)  for  the  anchor  plotted,  it 
appeared  that  the  reversal  had  occurred,  and  the 
order  was  given  to  lower  the  anchor  to  the  bottom. 
The  next  three  ATNAV  interrogations  resulted  in  no 
anchor  position  data.  The  fourth  reading  taken  about 
3 minutes  after  implant  indicated  the  anchor  was 
about  120  feet  northeast  of  the  target  position.  The 
data  points  that  followed  clustered  around  that 
reading,  indicating  point  1 1 was  a spurious  one.  Based 
on  Figure  4-8,  the  scatter  in  the  data  for  the 
implanted  anchor  position  appears  to  be  about  ±5 
feet  in  the  y-dircction  (north  and  south)  and  ±15  feet 
in  the  x-direction  (east  and  west). 

The  offset  between  the  actual  location  and  target 
position  of  A1  was  used  to  shift  the  ta'gc-i 
coordinates  for  anchor  A2,  since  only  well-controlled 
relative  anchor  positions  were  important  to  a satisfac- 
tory implant.  The  A1  anchor  implant  acted  as  a 
training  exercise  on  “flying”  in  an  anchor  to  a target 
position.  The  experience  gained  on  this  installation 
was  applied  to  the  implant  of  the  other  two  anchors 
in  which  position  accuracy  was  critical. 

Depth  data  were  also  monitored  during  implant 
to  determine  the  depth  the  anchor  had  keyed  into  the 
seafloor  after  it  had  been  set  and  prooftested  with  a 
10,000-pound  vertical  load.  Figure  4-9  shows 
schematically  how  the  fluke  embedment  depth  was 
determined.  This  indirect  method  of  calculating 
depth  was  unsatisfactory.  A small  error 
percentagewise  in  water  depth  or  ATN.W  readings 
results  in  a significant  error  in  calculating  anchor 
fluke  embedment  depth. 

After  the  structure  was  recovered,  corrosion 
products  were  found  on  the  anchor  cable  attached  to 
the  fluke  which  indicated  :t  had  been  embedded  in 
the  seafloor  approximately  20  feet,  4 feet  deeper 
than  calculated. 

The  transponder  on  the  anchor  line  was  success- 
fully released,  and  it  followed  the  line  to  the  surface 
in  about  8 minutes.  The  rc.mainder  of  leg  LI  was  paid 
oat,  and  the  end  was  connected  to  a temporarv  moor- 
ing buoy,  as  .shown  in  l-igurc  4-10,  This  completed 
the  leg  implant  and  tes'ing,  which  took  about  3 
hours. 
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Table  4-1.  Projected  and  Actual  Implant  Schedule 


I 


I 


Phase 

Staging  and 
Loading 

Cruises 

Remarks 

No. 

Planned 

Actual 

Planned 

Actual 

(days) 

(days) 

(days) 

Days 

Dates 

1 

2 

2 

1 

2 

3U  Jul  and 
1 Aug  74 

Buoy  failure  caused  survey  delay. 

II  and  III 

1 

1 

1 + 1-* 

1 

5 Aug  74 

Preparation  and  cruise  days  matched 
schedule. 

IV  and  V 

1 

6 

1 I" 

3 

12, 13, and 
16  Aug  74 

li.xtra  cruise  day  due  to  removal  and 
repair  of  node  electronie.s. 

VI 

2 

« 

1 + 1** 

1 

29  Aug  74 

Cruise  day  matched  schedule. 

VII  and 

VIII 

1 

6 

2 

2 

11  and  12 
Sep  74 

Cruise  days  matched  schedule. 

Total 

7 

23 

6 4 y 

9 



Actual  cruise  days  equaled  total 
planned,  including  contingency  d.iys. 
St.aging  and  loading  tripled  c,\pected 
time. 

‘'(.ontmgciKy  ilay. 


Anchor  A2  was  inst.illed  m a manner  similar  to 
Al,  but  it  was  complicated  by  three  factors,  first,  the 
winds  and,  conscquentlj',  the  sc.is  began  to  increase 
after  Al  was  installed,  making  it  more  ditficult  to 
handle  equipment  tiver  the  side  and  to  mancmer  the 
tug.  I5>  the  end  of  the  operation  an  upper  sea  state  3 
existed.  Second,  tug  mnneuvcrabilit\  was  further 
restricted  b\  h,'iving  a >,ag  line  from  the  tug  to  leg  1.1. 
I■lnall>.  the  ATNAV  ssstem  began  ni.ilfuneiioning, 
thereby  causing  a loss  of  two-thirds  of  .ill  anchor  and 
one-third  of  all  ship  position  data  points,  l-igiire  4-1 1 
shows  the  track  lines  for  the  ship  and  .uiclior.  When 
point  S plotted,  it  appeared  the  anchor  would  p:ess 
north  of  the  target,  so  the  ship  heading  w, is  changed. 
\o  .anchor  positions  were  obtained  for  over  4 
minutes,  then  point  10  plotted  on  the  same  course 
indicated  b\  points  1 .iii.l  5 ,\noiher  course  change 


was  mad  to  the  southwest  to  try  to  pull  the  anchor 
.south  and  slow  down  its  easterU  movement.  ,\fter 
one  skip,  point  12  plotted  winch  showed  the  anchor 
had  p,assed  the  site.  The  tug  was  then  put  on  a 
westerl)  course  to  tr\  to  pull  the  .mchor  back  to  the 
target.  However.  6 minutes  p.issed  before  another 
good  position  plotted.  I hen.  after  one  skip,  five  good 
points  plotted,  ending  with  point  25  'ust  35  feet  east 
of  the  target.  The  tug  continued  to  move  slovviv  east, 
and.  when  anchor  positions  for  points  26  and  27  were 
mussed,  the  decision  was  made  to  implant  based  on 
estrapolatmg  anchor  positions  23  ilirough  25. 

rile  first  plot  after  the  anchor  firc.l  vv.is  point  28, 
which  appears  to  be  spurious  datum.  I'lien  points  32 
through  41  were  obtained,  which  show  the  implanted 
position  to  lie  some  70  feet  southe.ist  of  the  target, 
relative  to  water  depth  this  is  an  implant  accur.uv  of 
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about  2%.  Tin;  scatter  in  the  A2  anchor  position  data 
appears  very  similar  to  that  for  Al,  about  ±5  feet  in 
the  y-direction  and  ± 1 5 feet  in  the  x-direetion. 

Analysis  of  the  ATNAV  position  data  indicates 
the  distance  between  anchors  Al  and  A2  was  6,658 
feet,  which  is  62  feet  or  0.94%  more  than  the  target 
of  6,596  feet. 

The  distance  between  the  ATNAV'  transducer  and 
ATNAV  transponder  on  the  anchor  line  was  moni- 
tored once  again  to  determine  anchor  penetration 
depth.  Analysis  of  the  data,  using  the  same  technique 
as  shown  in  l-’igure  4-9  for  anchor  Al,  resulted  in  a 
calculated  penetration  depth  of  73  feet  for  the  A2 
fluke.  This  contrasts  with  visual  data  obtained  with 
the  CURV  III  submersible,  which  indicate  the  fluke 
was  embedded  only  about  8 feet.  In  any  case,  the 
anchor  w.is  successfully  loaded  to  about  10,000 
pounds  to  set  the  fluke  and  insure  it  would  develop 
sufficient  holding  capacity  to  anchor  the  SKACON  II 
structutc. 

Once  anchor  positioning  w.is  completed,  the  sub- 
mersible transponder  was  succe.ssfully  rclc.iscd  and 
recovered.  The  remainder  of  leg  L2  was  paid  out. 
buoyed  off,  and  connected  to  the  tag  line  running  to 
the  temporarj'  mooring  buoy  on  leg  1,1  (l-igure  4-2c). 
The  tieployment  and  testing  of  .inchor  ,A2  ami  leg  1,2 
required  approximately  3-1/2  hours.  Phase  III  from 
beginning  to  end  required  1 1 hours.  4 hours  more 
than  estimated  in  the  operations  plan  |4-l  |. 


PIIASK  IV:  INSTALLATION  OI-  DKLTA 

After  1 week  in  port  to  comph-o-  final  .isscmbly 
and  environmental  ti-sting  of  the  delta  section  anil 
loading  ope.-, -It ions,  the  w.iiping  tug  put  to  sea  igain 
on  12  August  1974,  arriving  on  site  at  first  light  The 
seas  Were  nearly  dead  ealni  only  a 1-foot  swell  and 
no  wind  chop.  The  forecast  w.as  for  6-io-!0-kiiot 
winds  and  2-to3-foot  seas  in  the  afternoon,  well 
within  bounds  for  the  operation. 

I•■|gurc  4-12  shows  the  three  node  Iniotsand  two 
delta  arms  figure-eiglitcd  in  boxes  on  deck.  The 
implant  was  made  from  the  starboard  side  of  the  tug. 
beginning  with  node  buoy  NI12  .is  depicted  in  l-igure 
4-2d. 

■|  he  first  of  the  1 .(K)O-foot  arms.  teniporariK 
buoyed  with  pillow  floats,  was  deplov ed.  followed  b\ 


the  middle  node  buoy,  NB3  (l-igure  4-13).  As  each  of 
the  instrument  stations  preassembled  on  the  arm 
cables  was  reached,  it  was  carefullj’  placed  into  the 
water  with  the  crane  (l•igure  4-14). 

After  the  entire  delta  asscmblv  was  in  the  water, 
the  middle  node  buoy  (NI13)  w.as  recovered  and  held 
over  the  starboard  bow.  The  end  of  leg  1,3  was 
terminated  electrically  afiin!^W.i..rcaTI\^ tb'trie'IlQoy;  ‘ 
and  then  paid  out.  The  ATNAV  system  was  used  to 
position  the  tug  during  this  entire  phase.  Position 
control  was  especially  important  during  payout  of  leg 
1.3  to  insure  the  maximum  allowed  tension  of  2.000 
pounds  in  the  leg  was  not  exceeded.  Load- 
displacement  predictions  were  used  to  determine 
desired  tug  position  as  leg  L3  was  paid  out.  The 
ATNAV  system  reliably  provided  tug  position,  no 
submersible  transponder  positioning  was  involved  in 
this  phase. 

Once  the  end  of  leg  L3  was  reached,  electrical 
checks  were  made  on  the  implanted  equipment  All 
the  electrical  conductors  had  coniiiiuity.  none  were 
shorted  to  each  other  or  to  seawater.  An  attempt  was 
made  with  an  oscillator  to  manually  turn  on  each  of 
the  hydrophone  canisters,  two  of  the  seven  would  not 
respond.  One  of  these  was  in  NPl.  the  other  on  the 
arm  between  NIL’  and  ,N|$3.  .Since  lailurc  of  the 
IndrophoiK  canisters  was  umuccptable.  the  contin- 
gency plan  |41|.  which  called  for  recovery  and 
repair  of  the  canisters,  had  to  be  implemented.  Hut 
first,  due  to  the  laic  hour,  the  lag  line  connecting  the 
end  of  leg  1,3  to  the  eonstruefion  mooring  buoy 
(.MB).  .LS  shown  in  I-igurc  4-2d.  was  paid  out.  and  tiie 
strueture  was  pulled  underwater  overnight.  The  tug 
moored  on  site. 

.Approximatclv  13  litno'  was  required  to 
complete  Phase  IV  instead  of  the  estimated  8 hours. 

The  Weather  on  the  morning  ol  13  August  I->74 
was  exeellenl  with  good  forecasts  (or  tiie  entire  d.i\ . 
so  the  i.imster  reco\er\  I'per.ition  was  imtiated.  With 
NBl  abo\e  tlie  starboard  bow.  the  eiectne.il  system 
was  eliceked  again.  ;\l!  was  pertect  after  soak-tc'iing 

might  except  for  the  two  canisters  that  would  not 
espotid.  I-in.i'I'L.  the  .NBI  canister  was  activated,  but 
at  a much  higher  than  designed  voltage,  since  this  was 
unacceptable,  it  was  removed  for  repair  at  <,'M,. 

The  canister  at  the  middle  of  the  arm  between 
NB2  and  NB3  was  more  difficult  to  reach  .since  it  was 
submerged  about  100  feet.  Divers  placed  a buoved 
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l-'igurc  4-14.  Instrument  station  on  ilcita  arm  being  deployed. 


sheas e on  the  arm  near  NIJ3  and  passed  a tag  line  to 
the  warping  tug.  l.’sing  .M’NAV  tor  position  co.nrol. 
the  tug  pulled  the  sheave  along  like  a trolls  until  it 
reaehed  the  eanister.  I he  canister  was  then  pulled  to 
the  suiface,  aiul  the  arm  was  stopped  off  to  the  tug 
on  each  side  ol  it.  'I  he  canister  was  then  removed  and 
replaceil  with  a weight  to  ' inuiate  the  canister.  I he 
Stoppers  were  cut,  and  the  inn  was  ailowcd  to  drop 
down  in  a calenars.  The  mo  ir  was  resuhmerged  bs 
hauling  in  on  the  tag  line  from  leg  1.3  aiul  attaching  it 
to  the  construction  mooring  buos.  This  recovers 
procedure  reciuired  approMinatelv  8 hours,  after 
which  time  the  warping  tug  returned  to  I’ort 
Ilueneme. 

PH/XSE  V:  Nl’SC  DELTA  AKM  INSTALLATION 

I'wo  davs  were  reipnred  to  rep.ur  NIJI’s  bv.lro- 
plione  electronics.  I he  midhne  canister  could  not  be 
repaired,  if  had  floodctl  with  seawater  file  warping 


tug  headed  for  the  site  .igam  on  16  .\t:gust  I'lTT  to 
reinstall  N’lll's  iivdrophone  canister  and  to  install  th.e 
thiril  arm  of  the  delta,  vvhieh  had  been  provided  bv 
NUSC.  New  London. 

The  t.ig  line  to  the  construction  mooring  Iniov 
was  slackened  to  surface  the  delta.  Ihc  mid|<omt  on 
the  arm  between  Nl$2  and  \l$3  was  surfaced  bv  the 
trolls  techimpie  described  earlier.  The  weight  smui 
latmg  the  canister  was  removed,  and  the  eiectricai 
conductors  vveie  rescaled  using  the  cable  splicing 
techniques  described  in  Chapter  3 to  insure  against 
leaks.  ,\!'ter  the  work  on  the  arm  was  completed,  it 
was  resuhmerged.  Then.  Nil!  was  recovered,  and  the 
canister  was  reinstalled  m it.  Meetrical  checks  showed 
contimiitv  existed  throughout  the  structure.  .>nd  all 
canisters  turned  cvn. 

■flic  repair  operatum  was  completed  bv  123<),  and 
instal  atum  of  the  NI.'SC  arm  was  initiated  .\  t.ig  line 
was  .ittached  from  the  warping  mg  to  an  80  foot 
inechanic.ii  cable  pigtail  with  an  electrical  cable  and 
connector  married  to  it  at  Nlll.  1 he  tug  then  moved 
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over  to  NB2  while  paying  out  this  tag  line.  At  NB2 
the  NUSC  arm  was  connected  mechanically  to  its 
80-foot  pigtail.  The  NUSC  arm  was  then  paid  out  in 
the  same  manner  as  the  other  delta  arms  while  the  tag 
line  to  NBl  was  hauled  in  (sec  l-igure  4-2f).  After 
arriving  at  NBl  the  electrical  connector  was  plugged 
together,  a mechanical  connection  was  made,  and 
then  the  stoppers  to  each  side  of  the  connection 
point  were  cur,  releasing  the  arm. 

To  resubmerge  the  structure  in  a protective  moor 
as  shown  in  Figure  4-3a,  the  line  from  the  end  of  leg 
1.3  to  the  mooring  buoy  was  hauled  in.  When  the 
structure  was  properly  submerged,  the  static  tension 
at  the  mooring  buoy  was  about  2,000  pounds  com- 
pared to  the  predicted  1,783  pounds.  The  somewhat 
higher  tension  is  probably  due  mainly  to  the  con- 
struction moor  being  about  600  feet  farther  aw,iy 
from  the  SKACON  II  structure  than  was  assumed  for 
the  prediction. 

Phase  V,  e.xcluding  the  repair  work,  was  com- 
pleted in  about  4 hours  time,  which  is  I hour  less 
than  estimated  in  the  operation  plan  (4-1 1 . 

PHASE  VI:  INSTALLATION  OF  CLUMP 
ANCHOR  AND  ASSOCIATED  CABLES 
AND  BUOYANCY 

After  spending  1-1/2  weeks  in  port  outfitting  the 
crown  buoy  and  clump  anchor,  the  warping  tug  w.is 
loaded  and  put  to  sea  on  29  August  1974  m conduct 
Phase  VI  of  the  SFACON  II  impl.int.  Arriving  onsite 
at  first  light,  the  line  from  the  strucinre  to  the 
mooring  buoy  was  first  slackened  to  resurface  the 
node  buoys.  A mooring  line  from  the  .stern  of  the 
warping  tug  was  then  paid  out.  uhilc  the  line  to  the 
end  of  leg  1.3  was  hauled  in  over  the  how.  Once  the 
end  of  1.3  was  recovercri.  the  electronics  scawarrl 
from  the  end  of  1,3  were  checked  .again  and  found  to 
he  operating  well  e.vcept  for  one  tension  cell.  .Mean- 
while, the  l.CM-8  boat  and  <;KI,  divers  procecried  to 
each  nolle  buoy  as  it  surfaced  to  add  and  subtract 
wcight.s  and  buoyancy  material  according  to  a revised 
schedule  determined  by  the  DI-SADI-  computer 
program. 

While  arc  welding  two  protectnc  pipes  for  the 
acoustic  projector  electromechanical  pigtail  c.ibles  on 
the  crown  buoy  (see  Figure  4-15).  a steel  strength 


member  on  one  projector  pigtail  was  damaged.  The 
mechanical  strength  of  the  member  was  not  com- 
promised; however,  it  was  feared  that  damage  might 
have  been  done  to  the  electrical  conductors.  Indeed,  a 
continuity  check  revealed  only  a 1,200-ohm  resis- 
tance from  the  common  conductor  to  ground.  Since 
the  signal  and  plus  power  conductor  appeared  okay 
after  studying  the  wiring  diagrams,  it  was  decided 
that  no  serious  problem  existed  and  implant  should 
not  be  delayed.  The  seas  were  good  and  the  forecast 
was  excellent,  so  the  decision  was  made  to  proceed 
with  the  implant. 

For  the  first  time  during  the  implant,  close 
coordination  was  required  between  two  vessels.  The 
I.CM-8  boat  took  the  crown  buoy  in  tow-  as  the 
crown  line  was  paid  out  (Figures  4-3b  and  4-16).  The 
l.CM-8  boat  had  a tension  cell  on  board  to  monitor 
horizontal  load.  A plot  of  distance  betw-cen  the 
warping  tug  and  LCM-8  boat  versus  horizontal  load 
was  used  to  determine  the  desired  position  of  the 
LC.V.-8  boat  relative  to  the  warjiing  tug  to  insure  the 
crown  line  was  neither  too  slack  or  taut.  The  warping 
tug  radar  provided  a digital  read-out  of  distance  to 
the  l.CM-8  boat  which  made  control  in  this  fashion 
very  convenient.  Ilow-cver,  w-licn  approximately 
one-half  of  ihe  crown  line  had  been  paid  out.  the  load 
cell  quit  operating.  Therefore,  it  w.is  necessary  to 
swiich  to  a b.ickup  method.  plot  was  used  in  which 
ide.i!  disiaiue  be'.ueen  the  two  vessels  (equal  to  70% 
of  the  leii)ih  of  crown  line  paid  out)  was  plotted 
versus  iengt  i of  crow  n line  out.  This  method  was  very 
loiuenieni  i»>  use  since  the  crown  line  was  marked 
c\er\  H)0  feel  .ind  the  w.irping  tug  -adar  provided 
distance  data  to  the  l.tLM-8  boat. 

.-\iiei  the  end  of  the  crow-n  line  w-as  reached,  it 
ssas  conneticd  electric.iiU  (set-en  w-ires)  and  mcch- 
anicaih  to  the  chirnp  anchor.  This  required 
approMinateh  I hour  while  the  1 C.M-8  boat  held  the 
crown  buo\  off  the  starboard  bow.  The  clump  w-as 
then  placed  oserboar.l  (l-igure  4-17)  -.vitli  a nudwater 
transponder  tethered  12  feet  above  it  and  then 
lowered  to  the  bottom  on  a l-I/8-inch  wire  rope 
frtim  the  traction  winch.  The  low-cring  and  maneu- 
vering operation  (l-igurc  4-3c)  required 
apprcximatel)  1 hour.  The  clump  was  held  about  50 
feet  off  the  bottom  until  it  was  within  about  30  feet 
hori/oiitall)  of  the  desired  location,  then  it  was 
lowered  to  t!ie  bottom.  However,  once  on  the 
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I'igurc  4-1 5.  Crc  • Iniov  aboard  warping  tug.  Crown  line  terminated  on  left  side  of  photo  (bodom 
of  biu._, ).  'I'wo  projector  pigtails  figure-eigbted  on  bitts  and  running  to  junction  bos 
with  protective  pipes  top  and  bottom. 


bottom,  erroneous  response  times  were  received  from 
the  unbuoyed  transponder  because  the  direct  path 
lietwcen  the  midwater  and  unimoyed  bottom  trans- 
ponders was  being  shadowed.  The  result  w.is 
inaecurate  clump  position  data.  Since  it  was  critica! 
that  the  precise  final  location  of  the  anchor  l>e  deter- 
mined, It  was  decided  to  resurface  the  anchor  and 
lengthen  the  tether  line  on  the  tnidwater  transponder 
to  70  ,‘’ect,  which  would  place  it  high  enough  off  the 
bottom  to  obtain  accurate  position  data.  An  addi- 
tional 150  pounds  of  l-.iioyancy  w.as  .uided  to  the 
midwater  transpordcr  tether  to  combat  the  effect  of 
drag  on  the  Itinger  tether  line.  I•'lgure  4-lKsh<»ws  the 
maneuvering  operation  which  required  about  15 
minutes  to  complete.  Due  to  the  hori/ontal  com 
ponent  of  tension  from  leg  1.3,  the  clump  w,«s  pulled 
.as  e.xjKCted  alniut  600  feet  out  in  front  of  the 
w.arping  tug  Nevertheless,  the  clump  was  placed 
within  15  feet  of  the  target  location.  The  stern  line  to 
the  construction  iiumring  biiin  aided  considerabK  in 
controlling  the  warping  mg  position  ami.  in  turn,  thc 


clump  position.  The  A'INAV  system  worked  \ery 
reliably  once  the  submersible  transponder  was 
tethered  70  feet  off  the  bottom.  1 Ins  facilitated  the 
positioning  of  the  clump  anchor  immeasurabU  over 
the  situation  encountered  during  tl-.e  implant  of 
anchor  A I and  A2. 

The  effect  of  the  ship  \elocit\  on  accuracs  of  the 
.acoustic  positioning  system  i.»n  be  seen  b\  eomparing 
anchor  position  dita  points  with  corresponding  ship 
positions  in  l•lgure  4-18.  The  w.arpmg  tug  mmeincni 
at  only  1 fps  to  the  northeast  appears  to  bias  the 
calculated  anchor  position  about  It)  to  20  feet  to  the 
nortiie.tst.  When  the  ship  heading  changed,  the 
direction  m the  anchor  position  bias  changed  asccell 

After  obtaining  sufficient  position  data  on  the 
clump  .tnclior.  tbe  submersible  transponder  was 
acousticall)  released  and  recovered.  I he 
3.5lK)-foot-long  grapnel  line  tise-d  to  lower  ihe  clump 
was  paid  out  (l-igtirc  4 3d),  and  a t.ig  line  connected 
It  to  the  coiisiruc tion  mooring  biioc  to  siinplitc 
rccocert  should  that  be  necess.',r\ 
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Note:  Time  between 'comecutivety  numbered  data  points  is  50  sec, 
Anchor  on  bottom  at  data  point  13. 
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Figure  4-18.  ATNAV  position  dsu  for  ship  and  clump  anchor  AS  during  implant. 


To  complete  1‘hasc  VI  required  about  IS  hours  as 
compared  to  an  cstimared  1 1 hours.  The  extra  time 
required  corresponds  to  that  spent  in  rectn'crir.g  and 
installing  the  clump  anchor  a second  time. 


PHASE  VII:  ACOUSTIC  PKOJF.CTOK  IMPLANT 

Implant  of  the  two  acoustic  projectors  Pi  and  P2. 
as  shovn  in  Figurr  l-5e.  was  accomplished  on  1 1 
Scpirmlicr  1974  after  spending  8 days  in  port  to 
prepare  hardsvarc  for  this  phase  and  Phase  Vni. 
flclore  proeceding  with  the  projector  implant,  tlic 
umbilical  cable  from  the-  crown  buoy  tvas  retovered, 
and  a check  was  made  of  all  the  ii.stromcntation  on 
the  structure  to  insure  no  degradation  bad  tKcurred 
since  the  last  phav.  All  of  the  hydrophone  stations 
luincd  on,  and  signals  were  received  from  all  sensors, 
including  the  one  tension  cell  that  h.ad  not  rcspondetl 
earlier.  The  projector  pigtails  from  the  crown  buoy 
were  recovered,  and  the  three  projectors  were  fired 
via  sigtvalv  put  into  the  er.n  -n  lutoy  sambilical  cable. 


The  weather  was  excellent,  so  a decision  was  made  to 
proceed  with  the  implant. 

The  electromechanical  connection  was  made 
lictwccn  the  PI  projector  pigtail  from  the  crown 
buoy  and  the  end  of  the  10.000  feet  of  projector 
cable  to  be  lahl  out  o.i  the  seafloor.  Figure  -1-19 
shows  this  connection  being  made.  The  connector 
was  composed  of  two  ends  with  preformed  grins 
attaching  them  to  the  cables,  and  a center  barrel  with 
right  and  left  hand  ihrcads  to  connect  the  ends 
together.  The  electrical  conductors  were  spliced, 
using  the  techniques  discussed  in  Chapter  3 and  then 
pushed  inside  the  center  barrel.  The  barrel  was 
rotated  to  connect  the  two  ends  mechanically  and 
then  pinned.  This  ccmncctior.  technique  was 
unsatisfacioiy  Iweause  of  the  very  tight  fit  of  the 
electrical  conductors  inside  the  cctitcr  barrel  and  tbe 
need  to  rotate  the  barrel  to  compicie  the  mcthamcai 
connection.  It  would  be  very  easy  for  the  electrical 
conductor  to  rotate  with  the  barrel,  therein 
destroying  tbe  integrits-  cf  the  conneerdm. 


r"^. 


Figure  4-19.  F.lectromechanical  connection  being  made  betwcrn  projector  pigtail  from  crown  buoy  and 
10,000-foot  projector  cable  during  Phase  VII. 


After  completing  the  connection,  divers  replaced 
the  projector  pigtails  on  the  crown  buoy  and  con- 
nected strain  reliefs  to  the  bottom  of  the  buoy.  Using 
ATNAV  for  navigation,  the  warping  tug  backed  away, 
paying  out  the  projector  cable.  With  2,900  feet  of  the 
cable  out,  a 200-pound  split  anchor  with  a semi- 
circular groove  in  each  half  was  placed  around  the 
cable  and  bolted  together.  This  anchor,  which  was 
rounded  on  each  end  to  provide  a large  bending 
radius  for  the  cable,  held  the  projector  cable  away 
from  the  crown  line  and  clump  anchor  to  prevent 
entanglement.  The  warping  tug  then  resumed 
backing  away  while  paying  out  the  projector  cable.  A 
cable  counter  that  indicated  the  length  of  cable  paid 
out  was  continuously  compared  to  the  warping  tug 
distance  from  the  crown  buoy.  The  wire  angle  also 
was  monitored  to  insure  it  remained  within  bounds. 
After  the  10,000  fret  of  cable  was  paid  out.  the  end 
was  terminated  to  the  projector,  which  was  low- 
ered to  the  bottom  on  a separate  synthetic  line 
(Figure  4-20)  with  an  acoustic  rcicase/submcrsibic 


transponder  in  line  about  SO  feet  above  the  projector 
sund.  rhe  ATNAV  positioning  system  performed 
well  during  lowering;  the  track  lines  are  shown  in 
Figure  4-21.  Immediately  after  touchdown  one  good 
projector  position  reading  was  obtained,  then  two 
bad  and  one  good.  The  lowering  line  was  then 
released,  although  it  would  have  been  useful  to  obtain 
more  readings  to  better  establish  the  projector  posi- 
tion. However,  the  warping  tug  was  drifting  off 
position,  causing  concern  that  the  projector  stand 
might  be  ovenumed  by  the  lowering  line. 

The  implant  of  projector  P2  followed  the  same 
procedure  as  for  PI.  Figure  4-22  shows  the  ship  and 
projector  track  during  the  last  stage  of  P2  implant. 

Although  there  was  no  need  to  e.xactly  position 
the  projectors,  target  positions  were  established  to 
gain  operational  experience  in  positioning  objects  on 
the  seafloor.  Projector  PI  was  placed  within  about  30 
feet  of  the  target  and  P2  within  about  15  feet. 

This  phase  required  approximately  12  hours  to 
complete,  which  compares  with  an  estimated  time  of 
9 hours. 


PHASE  Vlllt  CURRENT  METER  MOOR  IMPLANT 

I'hc  warping  tug  moored  onsite  overnight.  At  first 
light,  12  September  1974,  the  warping  tug  hauled  in 
the  tag  line  from  the  construction  mooring  buoy  to 
the  tail  line  on  the  grapnel  line.  A 200-pound  Dan- 
forth  anchor  was  attached  to  the  end  of  the  tail  line. 
Then,  as  a last  minute  change,  a 1 /4-inch  wire  was 
attached  to  the  Danforth  anchor  with  the  idea  of 
lowering  the  anchor  while  paying  out  about  1,500 
feet  of  the  wire.  In  this  way,  the  grapnel  line  would 
be  stretched  out  on  the  seafloor  to  facilitate  eventual 
recovery  of  the  clump  anchor.  Unfortunately,  the 
1 /4-inch  wire  was  overloaded  and  parted,  letting 
much  of  the  grapnel  line  and  tail  wire  fall  in  a pile  on 
the  seafloor. 

The  operation  then  proceeded  to  Phase  VIII,  the 
implant  of  the  three  current  meter  strings  depicted  in 
Figure  4-3f  as  CMl,  CM2,  and  CM3. 

The  moors  were  deployed  anchor  first  with  a dual 
release  and  reoundant  buoyancy'  located  immediately 
above  each  anchor  (I'igure  4-23).  One  of  the  releai-es 
was  also  a midwater  transponder  so  that  the  moor 
eould  be  accurately  positioned  during  deployment.  It 
was  desired  to  surround  the  structure  with  the  three 
moors  to  detect  any  significant  variability  in  cunent 
magnitude  nnd  direction.  To  do  this,  the  moors  were 
to  be  positioned  700  feet  out  from  each  delta  arm  on 
a line  perpendicular  to  the  midpoint  of  each  arm. 
Very  careful  positioning  was  necessary  to  avoid 
entangling  the  current  meter  moors  with  any  part  of 
the  SEACON  11  trimoor.  The  moors  were  successfully 
installed  within  an  average  of  about  100  feet  of  their 
desired  liKations.  The  time  required  to  install  the 
three  moors  with  a total  of  nineteen  current  meters 
was  10  hours,  which  compares  closely  with  the 
estimated  9 hours  (4-1 1 . 


SECTION  3 - DISCUSSION 


Several  factors  share  nearly  equal  importance  in 
the  successful  implant  of  the  SEACON  II  trimoor. 
The  thorough  planning  of  the  operation  was  esiiential, 
of  course.  But  even  in  a thorough  oper.itions  plan  it  is 
impossible  to  foresee  and  include  every  detail.  The 
skill,  e.xperience,  and  prccruise  training  of  CEI.'s 


riggers  who  operated  the  warping  tug  and  implant 
equipment  were  equally  essential  ingredients.  The 
good  rapport  between  the  engineers,  technicians, 
diving  locker  personnel,  and  rigging  crew,  which  had 
developed  over  a long  period  of  working  together  on 
numerous  projects,  resulted  in  a cooperative  team 
effort  that  was  very  effective. 

Phasing  the  implant  was  very  beneficial  from 
several  standpoints.  Hirst,  as  anticipated,  it  provided 
much  flexibility  in  the  operation.  The  implant  atmos- 
phere was  quite  relaxed  because  many  options  were 
available  to  the  Project  Manager  and  Implant  Director 
depending  on  weather  and  the  condition  of  equip- 
ment. Retreat  to  a safe  harbor  could  be  made  on 
short  notice,  while  leaving  the  implanted  equipment 
behind  in  a protected  condition.  Because  of  the 
smoothness  of  the  operation  this  option  had  to  be 
taken  only  two  times;  during  Phase  I when  one  trans- 
ponder was  installed  unbuoyed  and  the  ether  would 
not  disable  on  command,  and  during  Phase  IV  when 
two  of  the  hydrophone  canisters  would  not  turn  on. 
A second  benefit  of  separating  the  operation  into 
phases  was  that  most  of  the  electronic  equipment 
“soak-tested”  in  the  environment  for  several  weeks 
during  a period  when  repairs  could  still  be  made 
relatively  easily  if  required.  As  it  turned  out,  how- 
ever, no  failures  were  detected  during  this  installation 
period.  By  planning  rest  days  between  phases, 
personnel  started  each  implant  phase  well-rested.  This 
certainly  contributed  significantly  to  performance 
and  safety.  In  fact,  no  injuries  were  sustained  by  any 
personnel  during  the  entire  implant.  A safety  officer 
reviewed  all  plans  and  was  on  deck  monitoring  the 
safety  of  all  aspects  of  the  operation. 

Weather  and  sea  conditions  were  good  to 
excellent  during  all  phases  of  the  implant.  This  was 
not  just  a chance  condition.  The  period  of  the  year 
chosen  for  implant  has,  on  the  average,  the  highest 
percentage  cf  good  weather.  Additionally,  weather 
forecasts  were  obtained  starting  the  day  prior  to  each 
cruise  and  were  monitored  continuously  for  any 
changes  while  at  sea.  Only  one  phase  had  to  be 
interrupted  due  to  adverse  sea  conditions.  The 
warping  tug  letrcaicd  to  port  shortly  after  departure 
for  Phase  VI  when  the  swells  condition  appeared  too 
severe  to  safely  implant  the  8-ton  clump  anchor.  One 
other  time,  during  implant  of  the  last  embedment 
anchor  in  Phase  MI,  the  seas  reached  the  upper  limit 
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of  acceptable  conditions,  but  did  not  prevent  success* 
ful  completion  of  the  phase. 

One  area  of  some  weakness  in  the  implant  hard* 
ware  was  the  acoustic  transponder  navigation 
(ATNAV)  system.  As  noted  in  the  implant 
description  good  position  data  for  the  submersible 
transponders  located  just  above  the  anchors  and 
projectors  were  intermittent  at  some  critical  times 
during  the  implant.  There  was  noise  at  times  in  the 
ATNAV  frequency  range  that  caused  premature 
responses  from  the  transponders,  thereby  resulting  in 
erroneous  position  calculations.  The  source  of  this 
interference  was  never  discovered.  It  appeared  to  be 
more  predominant  in  the  afternoon  hours  than  the 
morning.  Another  problem  in  using  the  ATNAV 
system  was  the  sensitivit)’  of  the  calculated  position 
of  the  submersible  transponder  to  the  velocity  of  the 
implant  vessel.  This  was  apparent  from  the  scatter  in 
position  data  obtained  even  after  an  anchor  or  pro- 
jector was  installed  on  the  bottom  with  the  sub- 
mersible transponder.  If  accurate  ship  velocity  vectors 
could  have  been  input  into  the  ATNAV  computer, 
this  discrepancy  would  have  been  eliminated.  It 
appears  repeatability  of  position  is  within  approxi- 
mately feet  if  accurate  ship  velocity  vectors  are 
obtained. 

Manual  maneuvering  of  the  warping  tug  to  "fly” 
the  anchors  and  projectors  into  their  desired  locations 
worked  relatively  well  as  long  as  good  ship  and  sub- 
mersible transponder  positions  were  received 
regularly.  The  stem  moorin(;  line  used  during  the 
clump  anchor  implant  also  helped  significantly  in 
controlling  the  tug  position,  fxcept  for  A I,  which 
was  the  first  anchor  installed  using  the  submersible 
transponder,  all  anchors  and  projectors  were  able  to 
be  placed  well  within  the  lOO-foot-radius  target 
position.  The  positions  determined  fur  each  of  the 
anchors  and  projectors,  which  were  calculated  by 
averaging  several  position  readings,  arc  believed  to  be 
accurate  to  within  a 10-foot-radius  circle.  Despite 
some  problems  in  using  the  ATNAV  system,  all  golds 
for  placement  accuracy  were  met. 

The  ATNAV  system  was  not  satisfactory  for 
determining  depth  of  anchor  fluke  embedment.  As 
diKussed  previously,  the  technique  is  too  dependent 
on  having  very  accurate  water  depth  data.  A small 
error  percentagewise  in  water  depth  translates  to  a 
large  error  in  embedment  depth.  A pingcr  should 


have  been  used  as  was  done  during  the  anchor  pullout 
tests  to  get  direct  and  reflected  pulses  which  translate 
into  very  accurate  near-bottom  elevation  data. 

SECTION  4 - SUMMARY 


FINDINGS  AND  CONCLUSIONS 

1.  The  SEACON  II  structure  was  successfully  and 
safely  installed.  Key  faetors  in  this  achievement  arc 
believed  to  be  thorough  planning;  an  experienced, 
svell-traincd,  and  compatible  implant  team;  a phased 
implant  procedure;  and  careful  attention  to  weather 
conditions. 

2.  Except  for' the  first  one.  all  anchors  and  projectors 
were  able  to  be  “flown”  in  within  the  desired 
100-foot  radius  of  preselected  target  positions.  The 
measured  position  data  for  each  of  the  anchors  and 
projectors  are  believed  to  be  accurate  within  a 
10-foot  radius,  which  also  meets  design  goals. 

3.  The  ATNAV  system  was  not  suitable  for 
determining  anchor  fluke  embedment  depth,  because 
the  calculated  elevation  is  too  sensitive  to  water 
dqith  measurement  accuracy  as  well  as  other  factors. 

4.  The  actual  time  required  to  complete  each  phase 
at  sea  was  generally  about  20  to  30%  more  than 
anticipated  in  the  operations  plan.  However,  except 
for  k'haK  I,  each  phase  was  able  to  be  completed 
within  one  cruise,  and  even  Phase  I was  able  to  be 
interrupted  at  a noncritical  point. 

5.  The  time  between  phases  was  on  the  average  abou^ 
three  times  what  was  anticipated  due  to  the  fact  that 
implant  was  begun  before  all  final  outfitting  and 
testing  was  completed  on  the  system. 

6.  The  adverse  effects  on  electrical  equipment  due  to 
arc  welding  of  structural  components  was  not 
adequately  considered  when  determining  fabrication 
procedures.  This  resulted  in  damage  to  one  of  the 
acoustic  projector  cables,  which  may  have  had  long- 
term effects  on  the  system  not  anticipated  at  the  time 
of  implant. 

7.  The  criterion  of  a single  ship  implant  was  met 
except  for  using  an  I.CA1-8  boat  to  hold  off  the  crown 
buoy  during  Phase  VI. 


8.  Despite  the  difficulties  experienced  in  using  the 
acoustic  transponder  navigation  (ATNAV)  system,  all 
goals  for  equipment  placement  accuracy  were  met. 

9.  The  technique  of  building  a trir.,oor  that  supports 
a dcita-t'haped  structure  by  first  installing  a two- 
dimensional  trapezoidal  moor  and  then  pulling  it  into 
a third  dimension  by  adding  another  leg  proved  very 
effective.  This  permitted  the  three  .support  buoys  and 
two  of  the  three  delta  arms  to  be  prcasscmbled, 
tested,  and  merely  stretched  out  linearly  between  the 
two  legs. 

10.  A last  minute  change  in  the  grapnel  line  implant 
technique  and  itardware  resulted  in  a failure  because 
inadequate  design  time  was  spent  on  it. 


RECOMMENDATIONS 

1.  A..y  complex  ocean  construction  operation  should 
be  thoroughly  planned  and  a comprehensive  opera- 
tions plan  should  be  prepared  for  controlling  the 
conduct  of  the  operation. 

2.  To  assure  the  highest  probability  of  success,  an 
implant  crew  experienced  in  ocean  operations  ~ one 
that  has  worked  together  on  previous  operations  and 
one  that  has  received  at-sea  training  for  the  specific 
implant  --  should  be  employed.  . 

3.  The  implant  operation  should  be  designed  with  as 
many  independent  phases  as  possible  to  provide 
adequate  rest  for  the  crew  and  contingencies  for 
weather  and  equipment  problems. 


4.  Weather  and  sea  conditions  should  be  monitored 
closely,  and  the  reports  sliould  be  heeded  even  if 
some  good  work  days  are  lost  by  being  conservative. 

5.  If  possible,  an  operation  sliould  be  designed  to  be 
accomplished  from  a single  vessel  to  avoid  the 
signiHeant  communication  and  coordination  prob- 
lems posed  by  multiple  vessel  operations. 

6.  The  crew  should  be  trained  extensively  with  an 
acoustic  transponder  navigation  system  at  the 
planned  implant  site  to  determine  ail  of  the  idiosync- 
rasies of  the  equipment. 

7.  A pinger  system  rather  than  a transponder  naviga- 
tion system  should  be  used  to  obtain  accurate  data  on 
el>*vations  of  equipment  near  the  bottom. 

8.  All  possible  adverse  effects  to  electrical  equipment 
due  to  arc  welding  on  or  near  associated  mechanical 
equipment  should  be  evaluated. 

9.  Spur-of-the-moment  changes  in  hardware  or 
techniques  during  an  at-sea  construction  operation 
should  be  avoided. 

10.  In  conducting  an  ocean  construction  operation, 
as  many  of  the  electrical  components  as  feasible 
should  be  prcasscmbled  and  tested  to  minimize 
making  at-sea  electrical  connections  and  splices. 


CHAPTER  5 

MAINTENANCE.  REPAIR,  .AND  RECOVERY  OF  STRUCTURE 


INSTRUMENTATION  STATUS  AFTER  IMPLANT 

Within  1 week  after  implant  of  the  SEACON  II 
structure,  the  fishing  vessel  La  ViJa,  under  contract 
to  CEL,  was  mooted  at  the  crown  buoy  for  several 
days  in  a joint  cniisc  with  NUSC,  New  London 
personnel.  Durii^  the  cruise  the  SEACON  II  instru* 
mentation  system  was  checked  out.  and  NUSC  made 
measurements  on  the  dynamic  response  of  the  delta 
arm  between  node  buoys  N31  and  NB2. 

The  major  findings  of  this  cruise  w’ere  that  all 
equipment  appeared  to  be  operating  properly  except 
for  three  of  the  Hve  tension  cells  and  the  three 
acoustic  projecton.  The  problem  with  the  tension 
cells  is  discussed  in  Chapter  3.  Two  of  the  projectors 
appeared  to  hau  open  circuits,  and  the  third  had  a 
2,00C-chm  short  to  seawater.  The  nearly  shorted  pro- 
jector operated,  but  there  was  concern  that  elec- 
trolysis would  quickly  fail  the  electrical  conductor. 

PROJEOXIR  REPAIR  CRUISE 

On  9 October  1974  a cruise  w;m  conducted 
aboard  the  warping  tug  to  make  repairs  to  the  pro- 
jectors. Since  it  was  not  known  exactly  where  the 
problems  were  located,  the  contingency  plan  included 
the  recovery  of  the  projectors  themKives.  even  the 
one  on  the  clump  anilior  if  ncccssar)-. 

The  troubleshooting  beg.in  at  the  crown  buoy, 
the  easiest  location  to  get  to  and  the  most  likely  spot 
for  some  of  the  problems.  The  ATSAV  systeir,  was 
used  to  position  the  tug  over  the  crown  buoy,  which 
was  lifted  under  the  A-framc,  as  shown  in  Figure  5-1. 
The  short  in  the  projector  cable  was  found  at  the  spot 
that  had  received  a welding  arc  during  ptep.'.rations 
for  Phase  V'i  of  the  implant.  This  section  was  cut  out, 
and  the  bitter  ends  of  the  cables  were  spliced.  The 
two  open  circuits  were  located  where  field-installable 
boots,  which  form  the  female  half  of  single-pin  con- 
neciors.  had  been  used.  These  connectors  wte 
bypassed  by  using  the  field-splicing  technique 
developed  for  SEACiON  II. 


At  the  completion  of  this  cruise  ail  three  pro- 
jectors operated.  However,  within  a week,  projector 
PI  had  failed  again. 

UNDERliv'ATER  SPLICING  REPAIRS 

During  the  period  23  through  29  October  1974 
the  fishing  vessel  La  Vida  was  again  at  the  site  for  a 
combined  data  taking  cruise  with  NUSC  personnel. 
On  26  October  La  Vida  was  moored  to  the  crown 
buoy,  and  the  crown  buoy  umbilical  was  taken 
aboard.  Without  warning  the  mooring  line  parted  at 
the  crown  buoy,  and  the  umbilical  was  broken  off  at 
the  crown  buoy  junction  box  before  it  could  be 
placed  overboard.  Although  there  was  a backup 
umbilical,  the  bare  wires  at  the  junction  box  were  all 
shorted  to  seawater  ard  c-ach  other. 

Thus  began  a j ear-long  effort  to  correct  this 
problem.  It  was  decided  not  t«<  resurface  the  entire 
crown  buoy  as  was  dune  in  the  initial  rep.tir,  because 
an  inspection  by  the  manned  submersible  Turtle  after 
that  cruise  showed  the  projector  wires  to  be  piled  up 
near  the  clump  anchor.  It  was  felt  the  projector 
cables  on  the  bott'im  cuuH  possibly  be  cut  if  the 
clump  anchor  with  ns  protruding  metal  skirt  was  set 
down  on  them.  Instead,  the  first  attempts  involved 
clamping  oil-filled  bladders  and  tubes  over  the  stub 
on  the  junction  box  umbilical  pcnctratur.  Srime 
rcsidual  seawater  always  remained,  causing  the 
shorting  problem  to  continue. 

On  19  November  the  fishing  vessel  La  Vida 
returned  to  the  site  for  another  joint  cruise  with 
NUSC  personnel.  Dunng  this  cruise  Cl.i.  divers  cut 
the  seven  electrical  conductors  from  >he  crown  line  to 
the  junction  box.  removed  the  junction  tM.x,  and 
brought  it  on  board  the  fishing  vcs.scl  with  the 
projector  cables  still  attached  to  it.  The  damaged 
pcneirator  was  isolated  by  discontKCtir g ihc  wires 
which  ran  to  it  inside  the  oil -filled  junction  !x>x.  The 
junction  Ik>.\  was  then  reinstalled. 

The  seven  dcctricai  cables  were  then  spliced  by 
divers  using  the  AMP  dielectric  rutiber  sealant  in  i 


tncih<>d  similar  t<i  thu  unc  «jevclu|K‘J  for  field  splicing 
in  ait.  Initially  these  splices  operated.  However,  after 
ses’eral  days  in  service,  apparently  the  small  amount 
of  entrapped  seawater  at  the  electrieal  junctions 
caused  corrosion  which  resulted  in  loss  of  a good 
metal-to-metal  connection  and,  therefore,  electrical 
continuity. 

Failure  of  the  /\MP  sealant  technique  resulted  in  a 
series  of  attempts  with  crimp-ty'pe  connectors,  .\fter 
numerous  attempts  the  technique  reported  on  in 
Reference  5*1  was  found  to  be  successful.  Essentially 
the  technique  involves  centering  a crimp-type  butt 
connector  inside  a nylon  tube  about  6 inches  long 
(Figure  S-2).  Both  ends  of  the  tube  are  filled  with 
3140  RTV,  ‘.vhich  is  a silicone  base  rubber  with  a 
noncorrosive  alcohol  solvent.  Divers  place  the  ends  of 
the  wires  in  each  side  of  the  splice  and  crit.ip  the 
connector.  Apparently  the  RTV  wipes  the  water  from 
the  wires  as  they  arc  inserted,  sr','s  out  the  seawater, 
eliminates  air  voids,  and  provides  a pressure-balanced 
connection. 

As  discussed  in  Chapter  5.  on  9 December  1975, 
13  underwater  electrical  splices  were  successfully 
I’udc  with  the  technique  described  above.  The  junc- 
;ion  box  was  completely  bypassed,  and  seven  elec- 
trical conductors  from  the  crown  line  and  rix  from 
the  two  outboard  projectors.  FI  and  P2,  were  spliced 
directly  to  the  umbilical  cable. 

The  cable  to  projector  PI  that  had  not  operated 
for  a year  was  recovered  and  cut  off  below  the  point 
where  the  250-foot  projector  pigtail  connected  to  the 
IO,000-f<Mit  projertor  cable.  The  projector  was  able 
to  be  fired  from  this  bitter  end,  so  a new  section  of 
cable  was  '-pheed  in  to  get  PI  operable  again. 

Inspt  (ion  o'  the  wires  at  the  connection  betw  -cn 
the  250-toot  pigtail  and  the  HM*00-fooi  pr(*jecior 
cable  r 'vcalcd  the  cause  *if  the  short.  The  one  long 
armor  wire,  shown  in  Figure  5-3.  had  accidentally 
stuck  into  the  center  electrical  conductors,  breaking 
through  the  insulation  on  one  wire  and  causing  it  to 
short.  This  apparently  cKTurred  during  the  process  of 
fitting  the  splice  inside  a barrel  that  connects  the  two 
mechanical  tcrmin.ations  shown  in  Figure  5-3.  A dis- 
cussion of  the  difficulty  c.sperienccd  in  making  this 
connection  was  presented  in  Chapter  4. 


SUBMERSIBLE  OPERATIONS 
Manned  SubmcrsiMcs 

The  Navy’s  SUBDKVGRU  I manned  submersible 
TurtU'  operated  at  the  SEACON  II  site  on  25  to  26 
October  1974.  During  one  dive  an  attempt  was  made 
to  attach  a buoy  to  the  one  transponder  that  had 
been  implanted  without  one.  The  transponder  was 
located  with  the  aid  of  the  ATNAV  system,  but  the 
sub  was  unable  to  get  the  buoy  attached  due  to  a 
snap  hook  being  fouled  with  'he  line  to  the  buoy. 

On  26  October  Turtle,  with  a submersible 
ATNAV  transponder  attached,  attempted  to  occupy 
a position  near  the  cluntp  arjchor.  Updated  position 
data  were  needed  because  the  clump  anchor  had  been 
moved  during  the  projector  repair  cruise.  While 
maneuvering.  Turtle  became  teniporariiy  entrapped 
under  leg  L3.  Oner  free,  she  surfaced  with  orders  not 
to  venture  near  any  of  the  cables  or  anchois  on  future 
dives. 

During  a later  operation  at  the  si'e.  Turtle's  sister 
vehicle  SeacUff  successfully  recovered  the  unbuoycil 
transponder  along  with  another  transponder  that  had 
batteries  too  weak  to  activate  the  release. 

Unmanned  SubmeniMe 

NUC's  Cure  III  vehicle  operated  at  the  SE.ACON 
II  site  from  11  to  14  Novcmlier  1975.  The  primarv' 
objectives  of  the  cruise  were  to  determine  embed- 
ment depths  and  positions  of  the  two  embedment 
anchors  and  to  recover  a buov'ant  riser  cable  from 
node  buoy  NBI  which  was  used  in  the  NUSC  portion 
of  the  experiment.  Problems  with  Ciirv  Ill's  umhilical 
ca’nic  and  the  ATNAV  positioning  system  severely 
limited  the  time  available  to  do  useful  work.  The 
embedment  depth  of  anchor  A2  was  accurately  deter- 
mined. and  the  NUSC  tether  w.as  removed.  The  other 
goals  were  unable  to  Ik  nKt. 

STRUCTURE  RECOVERY  OPERATION 

On  12  .Ma_v  1976.  after  nearly  22  months  in  the 
water,  the  SEACION  II  structure,  consisting  of  some 
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Figure  5-3.  Flectromcchanical  connection  between  projector  cables,  showing  cause  of  fault  in 
Pt  projector  cable. 


3U  tons  of  hai'ituarc,  was  recovered  aboard  the  CKi, 
warping  tug  with  the  l.CM-8  boat  and  CKI.  divers 
asiistii^.  The  operation  began  with  divers  attaching  a 
lift  line  to  a wire  strap  that  had  been  ec'nncctcd  to 
the  top  of  the  crown  line  by  U-clamps  during  an 
earlier  cruise.  Once  the  clump  anchor  was  on  board, 
the  rcc«ncr\-  proceeded  generally  in  reverse  of  the 
implant  prcKcdure  but  much  faster.  The  total 
recovery  operation  was  completed  in  16  hours. 

The  corrosion  and  fouling  analysis  of  the  struc- 
ture IS  pros  vied  as  Appendix  A.  OiKussion  of  the 
performanc.-  ot  specific  equipment,  such  as  the 
anchors,  tables,  tension  cells,  etc.,  is  includeii  in 
tihaptcr  3 


Ft.NDiN<;S  ANI»  CONCLUSIONS 

I Techniques  for  making  repairs  to  and  performing 
maintenance  on  an  undersea  cable  structure  were 


demonstrated  using  surface  vessels,  divers,  and 
manned  and  unmanned  submcrsibics.  .Most  of  the 
jobs  undertaken  were  successfully  completed  but 
with  considerable  difficulty. 

2.  .Materials  and  techniques  for  diver-splicing  of 
single-  and  multiconductor  cables  underwater  were 
successfully  developed  and  demonstrated. 


RF:a)MMENDA'i  IONS 

V 

1.  Manned  submcrsibics  should  avoid  working  in  the 
vicinity  of  cables  even  if  they  arc  under  tension  as  leg 
1.3  was. 

2.  The  techniques  developed  for  diver-splicing  under- 
water arc  recommended  lor  use  in  situations  where 
splices  cannot  be  made  in  air. 


\ 
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CHAPTER  6 

COMPUTER  PROGRAM  VAUDATION 


SECTION  1 - INTRODUCTION 


In  this  chapter,  the  data  obtained  during  the 
SEACON  II  experiment  to  validate  a steady-state 
computer  program  arc  discussed  and  results  ot  mea- 
sured and  computer-program-prcdictcd  SEACON  II 
structure  response  are  presented.  A description  of  the 
computer  program  being  validated  is  provided  along 
with  a description  of  the  input  required  to  success- 
fully use  the  program  and  an  explanation  of  how  to 
intcrpiet  the  program  output. 

Measured  and  predicted  results  arc  compared  over 
eight  tidal  cycles.  These  results  are  accompanied  by  a 
diKussion  section  to  give  the  reader  a dear  picture  of 
the  present  status  of  the  computer  program  validation 
effort.  I'inally,  conclusions  and  recommendations  arc 
provided  to  help  guide  future  efforts  in  this  area. 

SECTION  2 - OESADE  COMPUTER 
PROGRAM 


OPERATION 

The  computer  program  currently  iicing  validated 
with  the  data  obtained  from  the  SEACON  II  experi- 
ment is  called  DESAUE  and  was  developed  at  the 
Nas-al  Research  laboratoiy  by  Dr.  K.  A.  Skop  |6-I|. 
DESADE  is  a steady-state  program  that  is  based  on  a 
finite  clement  representation  of  the  structural  cables. 
I:  utilizes  a technique  called  the  Method  of  Imaginary 
Reactions  (MIR)  to  make  complex,  redundant 
structures,  such  as  SEACON  II.  determinate.  In  .MIR, 
redundant  constraining  reactions  at  the  anchors  and 
at  any  internal  points  where  a redundancy  occurs  are 
cut  from  the  structure  and  are  replaced  by  equil- 
ibrating imaginars-  reactions  placed  at  the  free  (cut! 
ends  of  the  cables.  Once  the  structure  has  lieen  made 
structurally  determinate,  the  zero  current  equilibrium 
position  of  suceceding  cable  elements  is  calculated 


until  the  free  ends  are  reached.  Overall,  the  procedure 
is  an  iterative  one  in  which  new  corrective  forces  are 
applied  to  the  cable  ends  each  time  their  position 
docs  not  agree  with  the  calculated  position  of  a 
junction  in  the  structure  or  with  the  actual  position 
of  the  anchors.  The  iterations  continue  until  the 
discrepancy  between  the  position  of  cables  ends  and 
their  associated  junctions  or  anchors  is  less  than  a 
prescribed  amount. 

When  currents  ar.-  applied  to  the  structure,  .MIR  is 
combined  with  a successive  approximation  procedure 
so  that,  for  each  MIR  iteration,  new-  hydrodynamic 
forces  based  on  the  present  structure  configuration 
are  calculated  and  applied  to  each  cable  element.  This 
procedure  continues  until  the  equilibrium  coordinate* 
of  the  structure  for  two  successive  iterations  differ  by 
less  than  a pa-scIccted  fixed  amount;  a solution  has 
then  been  achieved. 

A listing  of  the  basic  DESADE  program  is  avail- 
able in  Reference  6-1.  A listing  of  DESADE  modified 
to  accept  current  data,  which  varies  in  magnitude  and 
direction  with  depth,  can  be  obtained  from  CEL. 

CAPABILITIES 

As  presently  programmed.  DESADE  can  lie  used 
for  the  static  analysis  of  multicabic  (up  to  22  cables), 
three-dimensional  structural  arrays.  The  mechanical 
properties  of  incxtensibic  elements,  synthetic  lines,  or 
wire  rope  can  be  assigned  to  the  cables.  In  addition, 
any  number  of  dixretc  in-line  devices,  such  as  elec- 
tronic instruments  or  buoys,  can  tie  included  in  the 
analysis.  These  capabilities  arc  complimented  by  the 
ability  to  include  in  tiic  analysis  current  profiles  that 
vary  in  magnitude  and  direction  with  depth. 

UMITATIONS 

While  the  DESADE  program  is  vers-  general,  in  its 
present  form  it  does  have  certain  limitations,  l-'irst,  no 


Table  6>I . Summar>’  of  Measurement  Accurac)- 
of  Components 


Measurement  Ae-curaey  oi  - 

Paramelcr 

l)UO)'S 

tables 

Disercie 

Devices 

Siw 

Oiameicr 

tU.02  fi 

tO.OOJ  in. 

- 

Length 

-.1.0  ft 
(lc^> 
t0.2S  fi 
(arms) 

Lengih/diamcicr 

- 

- 

10.01  ft 

Wcighi/buoyaney 

tl2lb 

tU.tM)}  Ib/lT 
(lefi) 

10.009  Ib/fl 
(arms) 

;0.2  lb 

llydrodyiwmic  drag 
cornicient 

io.oy 

♦.0.0«* 

•0.05* 

‘‘values  bt*c«l  on  curs'c*  of  Ucalirot  spheres 
ami  c)'limlcrs. 

^NonMiutruninf  drag  rocfficieni.  Amplirtcation 
factors  for  strumming  cable  arc  approximate. 


cable  can  lie  on  the  seafloor,  an«l.  under  the  actitm  of 
applied  forces,  no  cable  sepmcni  can  base  rero  ten- 
sion. Second,  all  structiira!  components  must  be 
lotalb.  stibmerged.  or  the  pr'wjlion  of  -fie  s'omponcnis 
at  the  surface  must  be  .spcctfied  with  .v,  >.  and  / 
coordinates.  Third,  the  «/.e  of  the  discrete  viemems 
on  the  cables  must  be  small  rompated  with  the  oset- 
all  dimensions  of  the  array,  l■lnall>,only  normal  drag 
forces  arc  applied  to  the  cables;  tangential  drag  forces 
on  the  cables  and  lift  forces  on  iliscrctc  elements  are 
assumcrl  to  Ire  negligible. 

INPt'T  DATA  TO  DF.SAUK  FKfKiK A.VI 

The  data  required  as  input  to  the  l)KS.\i)l-.  pro- 
gram consist  of  pits  steal  and  hydrodynamic 
charactenstK-s  of  structure  components,  including  the 
iKisiiion  of  restraining  anchors  and  the  characteristics 
of  the  environment  in  which  the  struciurr  is 


deployed.  The  physical  properties  define  the  sue, 
shape,  weight  (buos’ancy),  and  position  of  alt  struc- 
tural components  and  devices  on  the  structure,  h'or 
SEACON  II.  all  the  components  were  carefully 
measured  and  weighed  with  balance  scales  in  fresh- 
water of  known  density.  All  submerged  ts'cights  or 
buoyancies  were  then  converted  to  reflect  the  sea- 
water conditions  found  at  the  SEACON  deployment 
site.  Table  6-1  is  a summary  of  the  measurement 
accuracies  for  the  major  components. 

The  hydrodynamic  data  define  the  drag 
characteristics  of  the  structural  components  and 
devices.  In  the  discussion  portion  of  this  section, 
details  on  how  drag  coefficients  were  determiited  for 
the  cables  when  exposed  to  ocean  currents  arc 
described. 

The  environmentai  data  required  fur  DESADE 
consist  of  the  density  of  the  seawater  at  the  SEACON 
II  deployment  site  and  a detailed  representation  of 
the  current  regime  impinging  on  the  structure. 

The  input  deck  consists  of  the  cable  array  source 
deck  (the  physical  and  hydrodynamic  properties  of 
the  structure)  and  tlic  current  information.  A listing 
of  the  source  deck  and  the  current  information  for 
tidal  cycles  1.  2,  and  } c.’in  be  obtained  from  CEL. 
■Hiese  data  can  be  uieo  vviili  other  computer  pio 
giams,  the  output  of  which  can  then  he  checked 
agaiasi  the  measured  and  predicted  response  of 
SEACON  II  as  presented  in  the  Results  section. 

OUTPUT  FROM  DESADE  PROGK/\.M 

rile  output  from  DESADE  consists  of  a listing 
ilui  describes  (i>  tlu  phvsna!  eharxctcrisiics  of  tin 
cable  strut  lure,  (2>  ihe  equilibrium  position  of  thc 
structnie  for  the  zero  current  ca.v;  in  terms  of  cubic 
icnsioiis.  cable  angles,  and  y.  / positions  of  selected 
points  on  the  stnicture.  and  li)  ilie  equilibrium  posi- 
tion lor  the  structure  ni  terms  of  cable  tension  and 
angles  when  expoved  lo  vaiums  currcni  regimes  of 
inierrsl.  A listing  of  DESADE  output  for  tidal  cycle  I 
IS  available  from  CEt. 


SECTION  3 - RESULTS 


Two  types  of  Ksulis  are  of  intcivst:  zero  current 
results  and  results  when  currents  arc  acting  on  the 
structure.  Zero  current  results  arc  important,  because, 
by  comparing  the  measured  and  predicted  data  for 
this  condition,  it  is  possible  to  (1)  perform  a pre* 
liminary  check  on  the  computer  program  before  the 
hydrodynamic  forces  arc  applied,  and  (2>  reduce 
some  of  the  systematic  errors  in  the  predicted  dau 
due  to  inexact  knowledge  of  the  physical  character* 
istics  of  the  structure  and  in  the  measured  data  due  to 
instrumentation  calibration  errors,  etc. 

Results  obtained  while  the  structure  is  exposed  to 
ocean  currents  are  of  interest,  because  it  is  the 
response  of  the  structure  to  ocean  current  r^mes 
that  is  of  imponance  to  structural  designers.  These 
results  are  generally  most  imporunc  from  a relathv 
standpoint,  i.e.,  on  the  basb  of  the  relative  change  in 
structure  position  from  data  point  to  data  point  over 
time. 


ZERO  CURRENT  CASE 

A survey  of  the  current  data  showed  that,  even 
between  tidal  cycles  when  the  currents  generaily 
slacken,  there  was  always  some  current  actwity  at  the 
SEACON  II  deployment  site.  However,  the  «iata  did 
show  a number  of  occasions  when  the  currenu  were 
very  low  (5  cm/sec  or  less  over  the  entire  structure); 
these  low  current  situations  were  used  in  lieu  of 
actual  zero  current  conditions  to  make  initial  checks 
of  the  program  and  to  adjust  the  anchors’  positions  to 
achieve  a good  "zero  current”  fit  between  the  mea- 
sured and  predicted  data. 

When  zero  current  comparisons  were  initially 
made,  a nearly  constant  bias  of  several  tens  of  feet 
between  the  measured  and  predicted  data  was  nmed. 
This  bias  was  felt  to  t>c  caused  by  errors  in  the  anchor 
position  information  used  as  input  to  the  DESADK 
computer  program.  Kecause  the  liias  occurred 
repeatedly  when  both  zero  current  and  current  con- 
ditions were  compared,  it  was  dcchled  that  more 
precise  information  about  the  position  of  the  anchors 
wxs  required. 

An  in-situ  inspection  of  the  structure  was  made 


with  the  Naval  Undersea  Center  C«rv  III  inspection 
vehicle.  It  was  found  that  anchor  A I had  not 
penetrated  the  seafloor  nearly  as  far  as  originally 
estimated  (estimated,  25  feet;  direct  observation, 
7-1/2  feet),  and.  therefore,  the  effective  position  of 
the  anchor  (the  point  where  the  cable  pastes  through 
the  seafloor/water  interface)  was  somewhat  in  rrror. 

Prior  to  deploying  the  Curv  III  vehicle  for  the 
inspection,  it  was  equipped  with  an  acoustic  trans- 
ponder so  that  its  position  during  the  inspection 
could  be  tracked  with  the  SEACON  ATNAV  position 
system.  It  was  hoped  that  when  the  vehicle  occupied 
the  anchor  positions  duriry  the  inspection,  precise 
arKhor  position  data  could  be  obtained.  However, 
shadowing  effects  caused  by  undulations  in  the  sur- 
rounding seafloor  made  it  hnpossiLI?  to  get  a fix  cm 
the  new  position  of  the  anchor  or  to  confirm  the 
position  of  thr  point  where  the  embedment  anchors 
penetrated  the  seafloor,  in  addition,  the  Ctitr  III 
cruise  had  to  be  terminated  before  an  assessment  of 
conditions  at  the  scroml  embedment  anchor.  A2. 
could  be  nude. 

When  leg  1.2  was  retrieved  during  structure 
recovery,  it  was  found  that  the  launch  vehicle  for  the 
embedment  anchor,  which  had  not  released  from  the 
leg.  was  acting  as  the  airchor  and  had,  thereby, 
effectively  eliminated  all  of  the  75-foot  anchor 
pendant  from  acting  as  pan  of  the  structure.  W’ith 
this  new  information  the  position  of  the  anchors  was 
redefined  and  the  zero  current  positum  for  the  struc- 
ture was  recalculated  using  Df.SAIN-:.  Accordingly, 
the  bias  was  reduced  but  not  completely  eliminated 
as  show'n  in  h'^re  6-1.  Using  the  (lositions  s<f 
acoustic  nodes  B and  > at  the  comers  of  thr  delta  as 
a guide,  the  majority  of  the  bias  was  removed  by- 
shifting  the  anchor  positions  until  the  meaVliied  and 
predicted  results  at  R and  I)  were  within  approxi- 
mately 5 feet  of  each  other.  No  attempt  wav  made  to 
obtain  a closer  fit  iietween  the  measured  and 
predicted  results,  because  the  measured  position  data 
had  to  lie  inivrptdated  to  obtain  a match  iictwrm 
position  measurement  times,  and  U-cause  a signifieant 
current  (mure  than  5 cm/vee)  might  l>e  present 
Iietween  the  ctiTcnt  meters  that  could  go  undetected 
and.  thus,  shift  the  posiiHtn  of  the  structure. 

Noiles  B and  I)  were  chv*ser.  to  guide  the  anchor 
position  changes  as  these  positions  are  based  on 
precise  data  from  three  projectors  tin  the  seafloor. 
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Note:  Node  A not  working. 


whereas  the  positions  of  nodes  E and  G were  calcu- 
lated using  information  from  two  projectors  and  a 
depth  meter  at  the  node.  This  calculation  is  quite 
sensitive  to  depth  errors  and,  therefore,  was  judged 
not  suitable  to  guide  the  anchor  position  adjustments. 
The  anchor  position  changes  required  to  achieve  the 
match  situation  are  shown  in  Figure  6-2,  along  with 
the  new  total  differences  between  measured  and 
predicted  results  for  the  zero  current  condition.  The 
anchor  position  changes  in  all  cases  are  within  the 
bounds  of  accuracy  set  for  them. 

CHANGING  CURRENT  CASE 
Tidal  Cycles 

Once  the  structure  had  been  "zeroed”  to  remove 
the  major  systematic  errors  and  the  majority  of  the 
bias,  computer  runs  were  made  for  eight  tidal  cycles. 
For  tidal  cycle  1,  the  measured  and  predicted 
responses  of  four  acoustic  nodes  on  the  structure  to 
the  changing  current  regime  are  given;  the  nodes  arc 
those  designated  as  B,  D,  E,  and  G on  Figures  6-1  and 
6-2.  For  the  remaining  seven  cycle.s,  the  measured  and 
predicted  response  of  acoustic  node  B is  provided. 
The  response  of  this  node  was  found  to  be 
representative  of  tlic  response  of  all  nodes  on  the 
delta  portion  of  the  struc’uic,  and  it  provides  a basis 
for  comparing  the  differences  between  measured  and 
predicted  results. 

Drag  Coefficient 

Before  loginning  a discussion  of  the  measured 
and  predicted  results  obtained  over  the  eight  tidal 
cycles,  a brief  description  t)f  the  pr<Kcss  required  to 
determine  the  correct  drag  coefficient  for  the  cables 
is  given.  When  the  SEACON  II  structure  was  luring 
designed,  a normal  drag  coefficient  of  1.2  for  the 
cables  was  selected  for  use  in  the  DE.SADE  program. 
When  the  measured  data  began  coming  in  from  the 
SEACON  II  experiment,  and  initial  comparisons  were 
made  Itetwcen  measured  .and  predicted  results  (see 
Figure  6-3),  it  became  clear  that  this  drag  coefficient 
was  too  low  when  the  current  velocity  on  major 
portions  of  the  structure  was  more  than  7 or  8 
cm/sec.  The  predicted  response  of  the  structure  at  the 


acoustic  nodes  was  much  less  than  the  measured  data 
indicated  it  should  be.  With  this  in  mind,  it  was 
decided  that  a larger  drag  coefficient  should  be  tried; 
a drag  coefficient  of  3.0  was  selected.  When  results 
from  this  computer  run,  also  shown  on  Figure  6-3, 
were  compared  with  the  measured  data,  it  could  be 
seen  that  the  predicted  structure  response  was  much 
greater  than  the  measured  data  indicated  it  should  be 
except  for  that  portion  of  the  cycle  beyond  0520 
hours.  For  this  portion  of  the  curve,  the  currents  are 
decreasing  in  magnitude  from  10  to  12  cm/sec  at 
0520,  to  9 to  10  cm/sec  at  0620,  to  5 to  6 cm/scc  at 
0720.  Beyond  0720  there  is  a general  trend  toward 
decreasing  velocity  magnitude  down  to  4 to  5 cm/sec. 
The  current  regime  between  times  2320  and  0520, 
where  neither  the  Cj  = 1.2  or  Cj  = 3.0  curves  even 
come  close  to  matching  the  measured  data,  is  charac- 
terized by  velocities  of  from  10  to  18  cm/sec  near  the 
elevation  of  the  delta  with  generally  lower  velocities 
occurring  as  the  depth  increases. 

At  this  point  it  was  decided  that  additional 
insight  into  the  drag  coefficient  for  the  SEACON  II 
cables  was  required.  A short  section  of  the  cable  was 
sent  to  the  Naval  Postgraduate  School  at  Monterey, 
California,  so  that  drag  tests  could  be  performed  in 
the  NPGS  water  tunnel.  The  results  of  these  tests  arc 
shown  in  Figure  6-4  along  with  results  obtained  from 
an  earlier  test  performed  at  the  Naval  Ship  Research 
and  Development  Center  (NSRDC)  on  a 15-foot 
section  of  the  SEACON  11  cable  and  drag  results 
obtained  by  others  on  smooth,  circular  cylinders  and 
stranded  cables.  From  this  figure  it  can  be  seen  that 
the  NPGS  results  for  the  SEACON  II  cable  parallel 
the  smooth  cylinder  and  stranded  cable  data,  but 
have  an  average  value  for  drag  of  1.55  over  a 
Reynolds  number  range  of  from  8(M)  to  8,000.  For 
the  same  range  of  Reynolds  numl>ers,  the  smooth 
cylinder  data  averaged  1.0  and  the  stranded  cable 
data  averaged  1.25.  The  NSRIXI  data  show  large 
variations  in  drag  coefficient  for  small  changes  in 
Reynolds  number;  this  was  the  result  of  cable 
strumming. 

Early  in  the  SEACON  II  structure  design  process, 
a state-of-the-art  analysis  of  the  cables  for  the  condi- 
tions expected  at  the  SEACON  II  site  indicated  that 
cable  strumming  should  not  occur  in  the  structure. 
Since  that  time,  new  analysis  procedures  and 
associated  computer  programs  have  been  developed 


A.  Wieselburger  - right  circultr  cylinder 

B.  Wilton  - stranded  cable 

C.  Naval  Poatgraduate  School  - short  secrion 

of  SEACON  II  cable  (restrained) 

D.  NSROC  - IS-ft  section  of  SEACON  il 

cable  (free)  static  tension,  230  lb 
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Figure  6A.  Normal  drag  coefficients  for  cylinder,  stranded  cable,  and  SEACON  II  cable. 


by  K.  A.  Skop  at  the  Naval  Research  Laboratory  that 
can  more  precisely  predict  if  strumming  will  occur  in 
a given  cable.  Based  on  the  predicted  character  of  the 
strumming,  i.c.,  its  frequency  and  amplitude,  drag 
coefficient  amplification  factors  can  be  assigned  to 
account  for  the  attendant  increase  in  drag  |6-2|. 
While  these  procedures  are  at  this  point  approximate 
and  ean  only  be  utilized  where  the  current  is  uniform 
over  the  length  of  the  eabic,  which  for  SEACON  II 
means  the  cables  on  the  delta  portion  of  the  structure 
only,  they  do  represent  the  best  available  means  for 
predicting  the  presence  and  effects  of  cable 
strumming  and  were  felt  to  be  a necessary  addition  to 
the  validation  of  the  DESADE  program. 

The  physical  properties  of  the  delta  cables  and 
the  discrete  devices  on  the  delta  cables  along  with  the 
current  information  at  the  elevation  of  the  delta  were 
used  to  determine  strumming  frequencies  and 
amplitudes.  These  in  turn  were  used  to  generate  drag 
coefficient  amplification  factors  and  drag  coefficients 
for  the  delta  cables.  The  leg  cables  were  assigned  con- 
stant drag  coefficients  of  1.5$,  although  it  was  felt 
that  at  least  the  upper  portions  of  these  cables  were 
also  strumming. 


Figure  6-5  illustrates  how  the  normal  drag  coeffi- 
cient varies  with  Reynolds  number  based  on  normal 
velocity  for  arm  D23  (between  NB2  and  NB3).  This 
figure  shows  that,  according  to  the  analysis 
technique,  cable  strumming  will  occur  in  arm  D23  at 
Reynolds  numbers  greater  than  approximately  100 
and  will  produce  increased  but  fluctuating  drag 
coefficients.  Cable  strumming  begins  when  the 
fundamental  frequency  for  the  cable  matches  the 
Strouhal  frequency  for  the  cable.  As  the  Reynolds 
number  increases,  there  is  a reduction  in  drag  coeffi- 
cient, until  the  second  modal  frequency  is  reached, 
where  again  the  drag  coefficient  jumps  to  a high 
value.  1'his  trend  continues  with  a general  overall 
increase  in  values  for  drag,  l-'or  arm  1)23.  the  drag 
coefficient  is  predicted  to  be  more  than  3.0  when  the 
Reynolds  number  based  on  the  normal  component  of 
velocity  is  greater  than  600.  The  drag  coefficient  data 
presented  in  Figure  6-5  and  similar  data  for  the  other 
two  cables  of  the  delta  were  the  predicted  response  of 
the  structure. 
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Figure  6-5.  Predicted  variation  in  normal  drag  coefficient  for  arm  D23. 


Current  Profiles 

For  tidal  cycles  1 through  8,  the  current  profiles 
change  with  time  to  reflect  the  ebb  and  flow  of  the 
tidal  conditions  at  the  site.  Most  of  these  cycles  begin 
with  flow  in  a westerly  direction  at  a velocity  of  3 to 
5 cm/sec,  which  builds  to  a velocity  of  12  to  18 
cm/sec  over  the  first  hour  or  two  of  the  cycle. 
Shortly  after  this  buildup,  the  direction  changes 
toward  the  north,  until  over  the  next  few  hours  of 
the  cycle  it  has  moved  to  a north  to  nonh-east 
direction.  Toward  the  end  of  the  cycle,  the  current 
begins  to  recede,  until  it  finally  reaches  a velocity  of 
3 to  5 cm/sec  and  generally  has  a strong  south  or  west 
component. 


Over  the  depth  of  the  structure,  the  current  pro- 
files have  greatly  varying  character  from  cycle  to 
cycle.  Figures  6-6  through  6-13  summarize  the 
current  data  for  the  eight  cycles  using  vectors  to 
illustrate  the  current  magnitude  and  direction  changes 
over  time  and  over  the  depth  of  the  structure.  The 
vectors  arc  based  on  hourly  data  from  eight*  current 
meters  at  the  elevations  shown  on  the  figures.  The 
presence  of  shear  layers  in  the  current  data  can  be 
detected  on  these  figures  by  observing  the  direction 
and  magnitude  of  the  vectors  at  a specific  point  in 
time  (noted  by  vector  numbers)  at  the  various 
elevations.  A large  increase  in  vector  length  or  large 
vector  direction  change  between  adjacent  current 
meters  indicates  a shear  situation  exists. 


•Eleven  current  meters  were  deployed  with  double  meters  at  2.410-  and  2S  10-foot  elevations.  Meteis 
at  2,510,  2,1 10,  and  1,410  feet  failed.  The  2,410-foot  data  are  the  avenge  of  two  meters.  The 
elevations  are  heights  above  the  2,910-foot  level,  which  corresponds  to  the  origin  of  the  z-axis  for 
OE.SAOE. 


•*'%urc  6^.  Cunnent  vectors  for  tidal  cyde  1. 
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During  tidal  cycles  3, 4.  and  S,  strong  shear  layers 
were  present  near  the  top  of  the  structure.  For  tidal 
cycle  3,  two  shear  conditions  actually  exist:  one 
between  the  meters  at  the  2,010-  and  2,210-foot 
elevations,  and  a second,  nuMe  important  one 
between  the  meters  at  the  2,310-  and  2,410-foot 
elevations.  For  tidal  cycles  4 and  S,  the  shear  appears 
between  the  meters  at  the  2,410-  and  2,510-foot 
elevations.  The  current  meters  provide  discrete 
information  about  the  current  r^me  at  the  varioits 
elevations,  but  do  not  provide  insight  into  the  nature 
of  the  shear  layers  between  meters,  i.e.,  their  thick- 
ness, the  elevations  svhete  diey  begin  or  end,  or  the 
absolute  nugnitude  of  the  shear  current  at  elevations 
away  from  the  current  meters.  Since  the  computer 
program  DESADE  «ises  linear  interpolation  to  con- 
struct the  current  profile  between  adjacent  current 
meters,  shear  layers,  uriien  present,  will  tend  to 
increase  the  differences  between  measured  and 
predicted  results.  This  difference  is  maximized  when 
the  shear  occurs  near  the  top  of  the  structure  (the 
2,310-,  2,410-,  and  2,5 10-foot  elevations)  as  the  cur- 
rentt  generally  become  h%her  as  the  elevation 
increases.  The  buoys  and  delta  cables  produce  a large 
percentage  of  drag  force  on  the  structure  which  will 
be  in  error  if  the  linear  interpolation  procedure  does 
not  correctly  depict  the  current  regime.  Also,  the 
structure  acts  much  like  a cantilever  beam:  a unit  of 
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force  or  error  in  force  produces  the  greatest  structure 
change  or  predicted  change  error  when  applied  at  the 
top  of  the  structure. 


When  the  shear  layers  occur  well  below  the  top  of 
the  structure,  as  they  do  in  tidal  cycles  1 and  5,  the 
effecu  of  errors  in  depicting  the  current  reginK.  while 
imponant,  ate  not  as  des-astating  as  when  the>'  occur 
near  the  top. 

When  strong  shear  layers  ate  absent,  as  they 
appear  to  be  during  cv’cles  2, 6.  and  7,  the  pied>cti\e 
capabilities  of  the  computer  program  ate  maximized. 
Figure  6-14  shows  the  measured  and  predicted 
response  of  ail  operitionai  acoustic  nodes  during  tida) 
c>*cle  1.  The  current  regime,  as  indicated  by  the 
current  meter  data  on  Figure  6-6.  has  a significant 
shear  between  the  I.7I0-  and  2.0IO-foot  elesations 
during  the  entire  cycle.  In  addition,  a shear  begiits  to 
develop  in  the  2.3 U>-,  2.4IO-.  2.5)0-fooi  do’ation 
region  during  the  last  2 hours  of  the  cv-cle.  The 
differences  between  the  measured  and  predicted 
results  at  the  nodes  are  most  pronounced  during  the 


early  portion  of  the  cy*de  when  the  current  telocit>-  is 
increasing  from  a few  cm/sec  to  18  cm/sec.  The 
average  difference  between  results  for  this  period  is 
approximately  5 feet  with  a maximum  difference  of 
nearly  8 feet  occurring  at  node  E. 

F^re  6-15  is  a large-scale  plot  of  the  response  of 
node  B to  tidal  cycle  1.  Note  that  this  figure,  as  well 
as  all  subsequent  figures  for  node  B.  has  the  time  of 
day  shown  at  various  datum  points.  The  times  allow 
the  reader  to  more  clearly  discern  the  differences  and 
similarities  between  the  measured  and  predicted 
results.  The  times  shown  on  the  displacement  curves 
can  be  used  in  conjunction  with  the  times  given  with 
the  current  vector  figures  to  get  a feel  for  the  current 
conditions  at  the  time  the  data  were  uken. 

Figure  6-16  shows  the  measured  and  predicted 
response  of  node  B during  tidal  cycle  2.  Overall,  the 
match  between  the  results  is  quite  good  with 
differences  averaging  approximatciy  2 feet.  If  the  bias 
is  removed  by  shifting  the  predicied  dau  2 feet  in  the 
positive-x  and  2 feet  in  the  positive-)-  directions,  then 
an  excellent  reproduction  of  the  measured  dau  can 
be  produced.  Nt>u-  that  even  rive  micro  details  within 
the  tidal  c>’cle  that  occur  near  2320  hours  can  be 
easily  discerned.  A>  cader  wdl  recall,  the  current 
data  for  this  c>’cic,  -n  on  Figure  6-7,  docs  not 
have  strory  shear  cor  fitions  present.  On  Figure  6-17, 
the  measured  and  shifted  predicted  data  are  shown 
along  with  a prediction  curve  for  a 1.55  dn^  ccefft- 
cient.  the  measured  value  fi>r  the  nowstrummirtg 
SEACON  II  cable.  The  differences  between  these  two 
prediction  curves  arc  thr  result  of  analytical  appro.xr- 
maiicms  for  the  effects  of  cable  strumming  of  the 
della  cable. 


Fqrures  6-18  and  6-19  show  the  measured  and 
predicted  results  for  tidal  cvcles  3 and  4.  respectively. 
During  both  of  these  cv-des,  strong  shear  layers  were 
present  at  elevations  near  that  of  the  delta.  For  cycle 
3.  the  measured  response  of  the  structures  is  less  than 
the  predicted  results,  while  the  overall  shape  of  ilte 
response  cunes  are  similar.  For  cv'clc  4.  the  predicted 
curve  is  mudi  less  than  the  measured  curve,  and  the 
two  curves  do  ncM  have  similar  shapes. 

Close  inspection  of  the  current  vector  plot  of 
tidal  cv-cic  3 (Figure  6-8)  shows  that  the  ma;or 
current  discontinuity  or  shear  occurs  at  the 
2.310-foot  drrvation.  which  is  slightly  below  the 
delta.  The  interpolation  of  current  ^ta  b>-  the  com- 
puter program  must  generate  more  drag  force  than  is 
actually  present. 
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Figure  6*23.  Displacement  of  nude  B during  tidal  cycle  8. 


Inspection  of  Figure  6-9,  the  current  vector  plots 
for  tidal  cycle  4,  shows  that  a major  dbeontinuity 
occurs  between  the  2,310-  and  2.4lO-foot  elevations 
during  the  first  half  of  the  cycle  and  between  the 
2.410-  and  2.S  10-foot  elevations  during  the  entire 
cycle.  It  is  apparent  from  inspection  of  the  response 
curves  that  the  current  data  have  not  been  properly 
modeled.  Thb  b not  the  fault  of  the  program;  rather, 
it  b due  to  a lack  of  understanding  of  ibc  nature  of 
the  shears.  The  discrete  data  collected  by  the  current 
meters  arc  used  to  construct  a current  profile  by 
linear  interpolation  of  the  current  data.  It  is  clear  that 
when  shear  conditions  arc  present,  the  linear  mter- 
poiatton  of  the  data  docs  not  result  in  a valid 
depiction  of  the  actual  current  profile,  and,  thus,  the 
program  docs  not  produce  a valid  depiction  of  the 
structure's  response. 

Figure*  6-20  through  6-23  show  the  lesptmsc  of 
the  structure  during  tidal  cycles  5 thmugh  8.  respec- 
tively. The  quality  of  the  match  between  the  mea- 
sured and  predicted  results  b strongly  related  to  the 
presence  or  absence  of  shears  in  the  current  data.  In 
general  terms,  when  shears  are  present.  ,he  match 
between  measured  and  predicted  result*  is  of  poor 
quality.  When  the  shear  is  absent,  the  match 
improves. 


SUMMARY 

To  summarize  the  Results  section,  the  SFACON 
II  data  have  shown  three  important  results.  First, 
cable  drag  coefficients  need  to  lie  precisely  deter- 
mined. This  procedure  should  include  tests  of  non- 
strumming cables,  analyses  to  detennine  the 
propensity  of  the  cable  to  strum,  and  application  of 
appropriate  drag  coefficient  amplification  factors  to 
account  for  the  increased  drag  if  strumming  is  pre- 
dicted. Second,  to  precisely  predict  the  response  of 
cable  structures  in  the  (Kean,  it  is  necessary  to  pre- 
cisely depict  the  current  conditums.  This  means  data 
must  Ik  collected  from  very  closely  spaced  current 
sensors,  or  the  iKcanic  processes  that  create  and 
control  shear  conditions  must  Ik  irettcr  understood. 
In  this  way.  current  profiles  that  tnily  reprerent  the 
actual  conditions  can  be  constructed.  Third,  the 
DHSADF  program  provules  excellent  predictions  of 
the  respome  of  coinpic.x  structures  in  the  <Kcan  when 
correct  drag  cirefficient  data  are  used  and  the  current 
regime  is  with.'ut  major  shear  lav  cn. 

These  conclusions  arc  based  on  the  examination 
of  eight  tidal  cv'cles  spanning  a (wriod  approxi- 
matei)  8 day*.  These  conclusions  wall  Ik  confirmed 
by  examining  additional  data  taken  during  the 


SEACON  II  experiment  for  periods  ts-brn  the  current 
velocity  exceeded  20  cm/sec  and  shc.'r  phenomenon 
was  not  stroi^ly  present.  In  addition,  the  DESADE 
program  will  be  modified  to  allow  known  tai^tential 
drag  effects  to  be  included. 

SECTION  4 - CONCLUSIONS  AND 
RECOMMENDATIONS 


1.  The  computer  prtyram  DESADE  appeals  to  be 
capable  of  predicting  the  steady-state  response  of 
complex,  submerged  cable  s^'stems  if  the  drag  coeffi- 
cient fur  the  cables  and  the  current  regime  are 
properly  nwidcled. 

2.  A procedure  for  modal  anal>*sis/drag  coefficient 
amplification  factor  should  be  incorporated  into 
DESADE  so  that  cable  sinimmii^  effects  can  auto- 
matically be  assessed. 

3.  \ standard  test  procedure  should  be  developed 
that  provides  consistent  and  precise  values  for  the 
nonstrumming  cable  drag  coefficients  used  in 
DESAIH:  and  other  programs. 
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Appendix  A 

ANALYSIS  OF  CORROSION  OF  SEACON  II  STRUCTURE 
iy  June*  F.  Jenkin* 


This  analysis  of  the  corrosion  of  the  SEACON  if 
structun;  is  based  primarily  upon  visual  observations 
of  the  structure  made  durit^  its  recovery’  on  12  May 
1976.  The  analysis  is  presented  in  the  order  of  item 
inspection,  which  roi^hly  follows  the  order  of  item 
retrieval.  The  observations  w«rc  made  within  one  half 
hour  or  less  of  the  recovery  of  the  item,  unless  other- 
wise noted. 


VISUAL  OBSERVATIONS 


electromechanical  crown  cable  for  approximately  25 
feet  just  below-  the  crown  buoy  during’  the  recovery 
procedure.  The  exposed  strength  wires  had  a dull  grc}’ 
surface,  but  no  rust.  As  the  crown  cable  was  being 
retrieved,  a number  of  patches  of  marine  growth  were 
noted  on  the  wire  jacket  that  had  been  exposed  at 
depths  greater  than  200  feet  and  more  than  50  feet 
above  the  bottom.  .V  typical  patch  of  growth  on  the 
crown  cable  is  shown  in  Figure  A-}. 

Oown  Line  Instnimcnt  Canister 


Crown  Buoy 

As  shown  in  Figure  A-1  the  crown  buoy-  was 
covered  with  a heavy  accumulation  of  marine  fouling 
organisms,  but  there  was  no  blistering  or  peeling  of 
the  paint  coating.  There  was  no  rust  where  the  paint 
had  been  mechanically  damaged.  The  ainc  anodes  of 
the  cathodic  protection  system  were  nearly  com- 
pletely consumed  as  shown  in  Figure  A-2.  These 
anodes  and  others  on  the  array  consisted  of  a I-I/4  x 
3/16  X 16-inch  mild  steel  strap  around  which  was  cast 
approximately  10  pounds  of  anode  quality  ainc  con- 
forming to  MII.-A-18001(i.  The  steel  strap  projected 
approximately  2 inches  from  cither  end  of  the  anode 
and  was  used  to  attach  the  anode  to  the  structure 
licing  protected.  In  some  cases,  such  as  on  the  crown 
Inioy,  the  anodes  were  sawn  in  half  because  a number 
of  smaller  atKxIcs  were  required  to  achicse  cathodic 
coverage.  Figure  A-2  shows  the  steel  strap  with  only  a 
very  small  amount  of  ainc  remaining.  As  the  cathodic 
protection  system  on  the  entire  array  was  designed 
for  a 2-ycar  life,  it  is  evident  that  the  design  criteria 
were  appropriate  for  the  protection  of  painted  steel 
in  shallow  water. 

Crown  Wire 

The  jacket  had  been  stripped  from  the  1-inch- 
liiamctcr  3x24  construction  galvaniaed  steel 


As  the  crown  line  instrument  canister  was 
retrieved,  a gas-charged  white  slurry  was  discharged 
from  the  lower  end  of  the  cable  breakout  (Figure 
A-4).  As  shown  in  Figure  A -5,  the  hydrophone  and 
bracket  had  separated  from  the  main  canister.  Some 
portioas  of  the  bolts  used  to  attach  the  hydrophone 
case  to  the  canister  were  still  present.  They  were  not 
severely  corroded,  but  had  been  fractured.  Since  the 
fractured  surfaces  were  rusted,  it  is  obvious  the  bolts 
failed  due  to  overload  a considerable  time  prior  to 
recovery.  The  zinc  anode  on  the  hydrophone  was 
approximately  ihrce-quancrs  consumed.  Some 
portions  of  the  hydrophone  assembly  had  been 
elect rically  isolated  from  the  anode  and  were 
corroded.  However,  no  corrosion  failures  had 
occurred. 

Oump  Anchor 

From  the  diKolor.i»ion  of  the  surface  of  the 
clump  anchor,  as  shown  in  l-igiire  A-6.  it  was  evident 
that  bottom  sediments  had  piled  up  on  one  side  of 
the  clump  anchor  as  it  was  dragged  forward  durii^ 
implant.  There  was  no  rust  evident  on  the  external 
surfaces  of  the  clump  anchor.  /\s  shown  in  i-igure 
A-7,  there  was  s«>mc  lilistcring  of  the  w-hite  top  coat 
on  the  clump  anchor,  t-igure  A-7  also  shows  the  zinc 
anodes  oti  the  clump  anchor  to  lie  essentially 
unconsumed.  These  full-si/c  1 1 -pound  zinc  anodes 
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were  designed  ro  have  a 3 -year  life.  A closer  inspec- 
tion of  these  anodes  showed  that  they  had  been 
partially  consumed,  but  that  the  products  resulting 
Irom  the  corrosion  of  the  anodes  had  retained  the 
size  and  shape  of  the  original  anode.  When,  as  shown 
in  Figure  A-8,  the  loose  coating  was  removed,  the 
anodes  were  found  to  be  approximately  one-third 
consumed.  This  rate  of  consumption  was  somewhat 
lower  than  expected,  which  indicates  the  design 
parameters  derived  from  near-surface  experience  are 
not  directly  applicable  to  deep  water,  at  least  in  this 
location.  The  external  hardware  on  the  clump  anchor 
that  was  electrically  bonded  to  the  cathodic  pro- 
tection system  was  uncorroded.  The  hardware  that 
was  not  electrically  bonded  to  the  cathodic  protec- 
tion system,  such  as  the  connection  to  the  node  buoy 
cable,  was  corroded  but  not  severely  deteriorated, 
particularlv  when  it  had  been  hot-dip  galvanized  prior 
to  exposure.  The  portions  of  the  system  that  were 
inside  the  clump  anchor  were  not  inspected  in  detail, 
because  the  anchor  could  not  be  drained  at  this  stage 
of  recovery.  However,  the  inside  was  covered  with 
black  slime  that  had  the  odor  of  hydrogen  sulfide 
(rotten  eggs).  There  was  considerable  rusting  of  some 
df  interior  components  of  the  clump  anchor. 

Leg  L3 


atcli  of  marine  growth 
line. 


I.eg  1.3,  which  consisted  of  1/2-ineh-diameter 
3x19  construction  galvanized  and  jacketed  steel  elec- 
tromechanical cable,  connected  the  clump  anchor  to 
node  buoy  3.  The  jacketing  on  the  leg  was  unbroken. 
As  shown  in  Figure  A-9.  there  were  several  areas 
where  marine  organisms'-  were  attached  to  the 
jacketing. 


Leg  L3  Instrument  Canister 

Several  portions  of  the  instrument  canister  on  leg 
1.3  showed  considerable  corrosion,  they  were  the 
fasteners  on  the  I’V'C  svzivel  assembly,  the  hydro- 
phone cage  bolts,  and  the  stainless  steel  hydrophone 
boot  clamp.  These  items  were  not  electrically  bonded 
to  the  zinc  anode  cathodic  protection  system.  I'he 
portions  of  the  assembly  that  were  electrically 
bonded  to  the  cathodic  protection  system  were  not 
corroded.  The  two  small  (t -pound)  steel  cone  /me 
disc  anodes  were  approximately  one-half  consumed. 
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Figure  A*10.  Node  buoy  3 with  light  marine  fouling  and  blistered  outer  paint  coating. 


I 
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NoUc  Buoy  3 

As  shown  in  l-igurc  A- 10,  there  were  some  marine 
organisms,  urehins,  and  scallops  on  this  buoy.  The 
t<;p  coat  of  paint  was  blistered,  but  the  underlying 
primer  coat  was  not.  The  /.inc  anodes  near  the  upper 
bail  on  the  buoy  were  approximately  one-half  con- 
sumed. The  termination  canister  at  the  base  of  the 
buoy  was  hot-dip  galvani/.ed  and  had  a dark  gray  sur- 
face. The  anodes  on  this  canister  were  approximately 
one-quarter  consumed.  The  electromechanical  cable 
ball  joints  and  terminations  connected  to  the  canister 
evidently  were  not  well-bonded  electrically  to  the 
canister  and.  therefore,  were  rusted.  This  corrosion 
was  not  severe,  and  it  is  possible  that  the  terminations 
received  partial  or  intermittent  protection.  The 
hydrophone  cage  attachment,  which  was  electrically 
isolated  from  the  cathtHiic  protection  system,  showed 
some  superfici.il  corrosion.  The  stainlevs  steel  hydro- 
phone boot  band  showed  evidence  of  crevice 
corrosion  at  the  band  buckle,  but  it  had  not  failed. 


Delta  Arm  Cables 

The  delta  arm  cables  between  the  three  node 
buoys  were  1/2-inch-diamcter  3x19  construction 
galvaniited  and  jacketed  steel  electromechanical  cable. 
The  jacketing  on  the  cables  was  intact,  and.  ;is  shown 
in  I-igure  A-11,  there  were  .also  p, itches  of  fouling 
organisms. 

Dclu  Instrument  Canistcra 

The  instrument  canisters  located  on  the  delta 
arms  between  node  biu*ys  I and  3 and  2 and  3 were 
similar  in  construction  and  condition  to  the  canister 
on  mooring  leg  1.3. 

Aecdcromctcr  and  Tensiometer 

The  accelerometer  and  tensiometer  in  the  delta 
arm  between  node  luioss  1 and  2 were  attached  to 
the  delta  ann  cable  with  a preformed  spiral  grip 
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fabricated  from  galvanised  steel.  As  with  other  similar 
terminations,  these  terminations  were  covered  with 
patches  of  white  corrosion  products.  Kowever,  no 
rust  was  found  on  these  or  other  similar  terminations. 

Node  Buoys  I and  2 

These  noik’  buoys,  the  attached  hardware,  and 
the  cathodic  protection  system  were  essentially 
identical  to  node  buoy  3 in  construction  and  condi- 
tion. When  the  condition  of  the  nine  ball  joints  and 
cable  terminations  at  these  three  buoys  was 
compaa-d.  a wide  variation  in  the  amount  of 
corrosion  was  noted.  This  variation  in  performance 
confirms  the  fact  that  there  was  only  partial  t>r 
intermittent  Ixmding  of  the  terminations  to  the  buoj- 
catluHlic  protection  system. 

Anchor  Legs 

Anchor  leg  1.2  from  mxic  buoy  2 to  its  embed- 
ment anchor  was  parted  in  an  attempt  to  retrieve  the 


anchor.  The  l/2-inch-diameter  3.\I9  construction  gal- 
vanized and  jacketed  steel  wire  rope  was  undamaged 
and  had  a few  patches  of  fouling  organisms  on  the  sur- 
face of  the  jacket  similar  to  those  found  on  the  other 
cables  in  the  array.  The  bitter  end  of  the  failed  cable 
showed  bright  cup  and  cone  and  shear  failures,  indica- 
ting that  it  failed  due  to  overload.  The  surfaces  of  the 
exposed  wires  were  a uniform  dark  gray  with  no  evi- 
dence of  rusting. 

Anchor  leg  l.i  from  node  buoy  1 to  its  embed- 
ment anchor  was  retrieved  without  parting.  The 
jacket  had  liccn  stripped  from  the  wire  over  a con- 
siderable portion  of  its  length.  The  wire  had  a 
uniform  dark  gray  color  and  exhibited  no  rusting. 

Kmbedment  Anchor  Al 

LmiH’dment  anchor  Al  was  connected  to  the  li-g 
wire  vvith  unjacketed  steel  wire  rojK.  The  emlicilment 
anchor  launch  vehicle  was  retrieved  with  the  anchor. 
While  this  was  not  planned,  it  was  fortunate  liecause 
there  was  evidence  that  the  launch  vehicle  had  been 
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partially  embedded  in  the  bottom  sediments.  This 
information  can  be  used  to  place  an  upper  limit  on 
the  tension  in  this  leg.  The  unjacketed  wire  rope  used 
to  connect  the  anchor  fluke  to  the  structure  leg  was 
nut  significantly  deteriorated.  However,  the  presence 
of  scattered  rust  spots,  such  as  those  diown  in  Figure 
A-12  where  the  wire  had  been  at  least  partially 
exposed  to  the  seawater  above  the  bottom  sediments, 
could  be  used  to  determine  the  approximate  embed- 
ment depth  of  the  anchor  fluke.  This  depth  was 
approximately  20  feet.  The  anchor  fluke  and  steel 
portions  of  the  launch  vehicle  were  not  significantly 
deteriorated.  The  aluminum  safe-and-arm  canister  on 
the  launch  vehicle  was  corroded,  but  it  was  lost 
before  a detailed  examination  could  be  made.  The 
interior  of  the  safe-and-arm  device  was  uncorroded. 
This  indicates  that  the  canister  was  not  flooded  prior 
to  recovery. 
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Construction  Mooring  Buoy 

The  9-1/2-foot-diamctcr  steel  construction 
moorit^  surface  buoy  was  heavily  encrusted  with 
fouling  organisms.  The  buo>-  and  attached  hardware 
showed  deterioration  typical  of  that  experienced  on 
similar  equipment  exposed  for  similar  times  in  this 
area.  No  structural  failures  had  occurred  due  to 
corrosion. 

Construction  Mooring  Line 

The  construction  mooring  line  was  J/4-inch- 
diameter  3x19  construction  galvaniacd  and  jacketed 
steel  wire  rope  This  line  was  undamaged  and,  unlike 
the  other  jacketed  lines  in  the  structure,  did  not  have 
any  significant  amounts  of  fouling  attached  to  its 
surface. 

Embedment  Anchor  for  Mooring  Buoy 

The  embedment  anchor  for  the  mooring  buo\- 
was  of  the  same  construction  and  the  same  condition 
as  embedment  anchor  .\l.  The  launch  vehicle  was  not 
recovered  with  this  anchor. 


Figure  A-12.  Scattered  rust  spots  on  down-haul 
cable,  indicates  portion  of  cable  in 
w-.itci-  column. 
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LABORATORY  ANALYSIS 
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The  only  portions  of  the  SKACON  II  structure 
that  were  subjected  to  laborator)-  analysis  to  es'aluate 
corrosion  were  those  sections  of  the  projector  cables 
which  were  recovered  prior  to  the  recovery  oi  the 
major  portions  ot  the  structure. 

These  3/ 16-inch  double-armored  electro- 
mechanical cables  were  severely  deteriorated  and  had 
parted  due  to  corrosion.  Kxamination  of  the  bitter 
ends  of  both  cables  showed  that  there  were  many 
armor  wires  that  had  failed  due  to  corrosion.  Starting 
2 inches  from  the  bitter  end,  the  corroded  wires  were 
tapered  from  nearly  their  original  sire  to  a thin  point 
at  the  bitter  end.  Away  from  the  bitter  end  of  the 
cable  the  wires  showed  some  rust,  but  were  not 
significantly  thinned.  There  were  several  portions  of 
the  retrieval  projector  cables  that  showed  corroded 
areas  similar  to  those  found  on  the  bitter  end  of  the 
cables.  Klcctrical  tests  made  after  the  cables  were 
disassembled  showed  insulation  faults  in  the  con- 
ductor wires  adjacent  to  the  areas  of  accelerated 
armor  wire  corrosion.  Kven  small  current  Icakai^ 
from  these  faults  can  account  for  and  is  probably  the 
cause  of  the  projector  cable  failure. 


CONCLUSIONS 

I.  The  present  criteria  can  lie  used  for  designing  an 
(K'can  cable  structure  with  a minimum  2-year  life. 


2.  The  present  design  criteria  do  not  give  precise 
prediction  of  the  lichavior  of  sacrificial  amwle 
systems.  Thus,  optimum  designs  cannot  lie  made. 

3.  i'.lectrical  faults  can  cause  rapid  deterioration  of 
cable  structures. 
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Appendix  B 

UNDERWATER  TENSION  LOAD  CELL 


The  underwater  tension  load  cell,  which  is  fabricated  from  components  (see  Figure  B-1).  has  a failsafe 
collar  and  a replaceable  tension  link,  utilizes  an  oil-filled  pressure-balanced  system,  has  the  capability  of 
adapting  to  a cable  termination,  and  allows  all  electrical  conductors  to  pass  uninterrupted  through  the  load 
ceil.  The  assembly  of  the  tension  load  cell  is  as  follows  (see  Figure  B-1): 


Items  Description 

1,  2 End  terminations;  can  be  machined  to  fit  any  cable  termination. 

3 Failufe  collar:  is  installed  around  the  unit.  If  the  tension  link  breaks,  the  load  is  taken 
up  at  the  load  bolts  (Item  7). 

4 Tension  link  itself;  a hollow  tube  with  strain  gage  instrumentation  on  the  outer 
surface,  i %ie  link  is  attached  to  each  of  the  end  fittings  (Items  1 and  2)  with  bolts 
(Item  14).  The  electrical  conductors  pass  through  the  end  fitting  (Item  2).  into  an  end 
plug  (Item  6).  through  Item  6,  and  through  a watertight  slip-on  boot  (Item  17).  The 
tension  link  is  surrounded  by  white  mineral  oil  and  is  enclosed  by  a Madder  (Item 
16).  This  allows  the  system  to  be  pressure-compensated. 

5 End  plug;  fits  into  the  end  fitting  (item  1).  The  electrical  conductors  pass  uninter- 
rupted out  of  the  dcctrmncchanicai  caMe,  through  the  end  plug  (Item  5),  through  a 
watertight  slip-on  boot  (Item  17),  through  the  tension  link  tube  (Item  4).  through  the 
end  plug  (Item  6).  through  a watertight  slip-on  boot  (Item  17),  attd  back  into  the 
dcctrumcchinical  cable. 

The  operation  of  the  tension  load  cell  is  standard.  The  load  is  applied  at  the  end  termiiutiun  (Items  1 and  2). 
The  tension  link  (Item  4)  is  deformed,  and  the  stress  in  the  link  (item  14)  is  measured.  The  fabrication 
material  is  steel  for  Items  1 , 2,  and  4:  FVC  for  Items  5 and  6;  and  rubber  for  items  4 and  17. 
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